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ABSTRACT 
 
 
Rocky H Ranch is a 120 acre avocado farm located in Escondido California.  There is a 20 
acre parcel that has not been planted.  The roads, trees, and irrigation system were designed 
to maximize yields and irrigation system performance while utilizing the latest technology.   
 
Roads were laid out along the contours to maintain block sizes to an average length and 
width.  This is done for two reasons, ease of harvesting and so the irrigation laterals are not 
excessively long.  Nine blocks, or where roads surrounded trees, were created.  The trees 
were laid out along the contours at a 15 foot row spacing and 10 foot tree spacing.  There will 
be a total of 4,117 trees that cover 14.2 acres. 
 
The 9 blocks were divided into 2 irrigation sets.  Set 1 has a flow rate of 777 gallons per 
minute and a total dynamic head of 116 feet.  Set 2 has a flow rate of 856 gallons per minute 
and a total dynamic head of 173 feet.  The NETAFIM SUPERNET # 90 Orange micro-
sprinkler was selected because of its pressure compensating technology and a nominal flow 
rate of 23.8 gallons per minute.   
 
The Grundfos Model 800S500-2 pump was also selected and will utilize a VFD controller.  It 
will operate at a maximum of 18 hours per day to coincide with off-peak and semi-peak 
electrical power rates.  The system will provide enough water to meet the peak 
evapotranspiration rate and have a system distribution uniformity of .95.   
iv 
DISCLAIMER STATEMENT 
 
 
The university makes it clear that the information forwarded herewith is a project resulting 
from a class assignment and has been graded and accepted only as a fulfillment of a course 
requirement. Acceptance by the university does not imply technical accuracy or reliability. 
Any use of the information in this report is made by the user(s) at his/her own risk, which 
may include catastrophic failure of the device or infringement of patent or copyright laws. 
 
Therefore, the recipient and/or user of the information contained in this report agrees to 
indemnify, defend and save harmless the State its officers, agents and employees from any 
and all claims and losses accruing or resulting to any person, firm, or corporation who may 
be injured or damaged as a result of the use of this report. 
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INTRODUCTION 
Background 
 
Rocky H Ranch is a 120-acre family-owned and operated avocado ranch located in 
Escondido, California.  Currently only 70-acres are in production.  There is a 20-acre 
undeveloped parcel that is prime land for avocado orchard development.  Rocky H Ranch is 
in need of design and analysis for roads, tree layout, and an irrigation system.   
Currently, Rocky H Ranch has an estimated 10,000 avocado trees.  The planting began in 
1970 and continued until 1975.  The ranch has been limited to 10,000 trees because of its 
dependency on district water.  In 2009, two new wells were drilled and both will be pumping 
as of December 2010.  The new wells will give the ranch a larger capacity of water, allowing 
for more trees to be planted.   
Rocky H Ranch is composed of 95% Hass avocado trees.  The Reed, Fuerte, Bacon, and 
Zutano varieties making up the additional 5% of the trees. The industry standard is now the 
Hass avocado as it ships the best, becomes black when ripe, and has a great flavor.   
Beginning in 1970, the land was first cleared of the native brush. Roads were cut on the 
contours as well as connecting inclined roads between the contours.  The placement of roads 
is crucial. Without enough roads, the blocks of trees are too large and the fruit has to be 
hauled too far, which takes more time and labor.  The amount of roads should be minimized 
to maximize the amount of trees that can be planted.   
The current tree spacing is 15 feet between rows and 20 feet between trees.  Roads separate 
blocks, which are at most 9 rows long.  Eight rows between roads is used most often 
throughout the ranch. However, because of varying slopes and gullies, there may be 10 to 12 
trees between roads.  In the corners of blocks, there may be only 4 trees or less.  
Rocky H Ranch utilizes an under tree buried PVC micro sprinkler system for irrigation.  The 
trees are planted on the contours so the sub-main or faucet rows run down the hills.  The 
rows run along the contours, or across the hills.  Each tree has one micro sprinkler in front of 
the trunk.  Each row has a faucet coming off the mainline. This helps during maintenance and 
if there is a break for repair. Each sub-main has a control valve at the top of the block.  The 
main water supply is located at the head unit where variable frequency drive (VFD) 
controlled pump supplies the required flow rate and pressure.  
 
 
 
 
  
Figure 1:  3-Year-Old Avocado Trees on 10 foot spacing 
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Justification 
 
Research and analysis is needed on multiple aspects of the orchard development.   Due to 
water cutbacks, new pests, and economical impacts, farming is becoming more difficult.  A 
well thought out and engineered avocado orchard is required for sustainability and 
profitability, and the future of Rocky H Ranch.  
Objectives 
 
The objective of this project was to first gather information about the land’s dimensions and 
elevations using a GPS survey and Arc Map.  Second, the optimal road layout and tree 
configuration/spacing for avocados was determined.  Next, the irrigation system was 
designed to connect to the existing system.  Rocky H Ranch now has a layout and design for 
developing the 20-acre parcel.  
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LITERATURE REVIEW 
The most important cultural operation in growing avocados is irrigation.  Avocados are 
highly sensitive to all aspects of an irrigation system, including emitter selection, scheduling, 
and water requirements.  A search was conducted to explore the variety of methods and 
philosophies used to irrigate avocados and the preparation of the land for an avocado 
orchard.   
Roads: 
Prior to planting, land preparation to clear vegetation and install roads for removing fruit 
should be kept to a minimum to avoid soil compaction (Faber, 1999).  If planting on steep 
slopes, terracing should be minimized to avoid loss of rooting volume in shallow soil (Faber, 
1999).  On flatter soils, where hard pan or stratified layers are found, ripping the soil will 
help with tree growth (Faber, 1999).   
Tree Layout and Preparation: 
The irrigation system should be installed 
prior to planting trees (Faber, 1999).  
Depending on the cultivar, tree spacing 
will vary with the site (Faber, 1999).  Tree 
spacing is an important aspect to a 
profitable avocado orchard and greatly 
affects the irrigation system.  There are 
two main philosophies to tree spacing: 
high density and low density.  Avocado 
orchards have in the past been planted in a 
square configuration and allowed to 
develop naturally (Stassen, 1999). 
Crowding causes limited light to reach the 
trees leaves.  It is suggested that planting 
avocado trees in a rectangular 
configuration and training the trees to grow into a pyramidal shape could ensure 
photosynthetic activity through continued, effective light interception and penetration 
(Stassen, 1999).  Although the experimental planting of trees at 4 x 1.5 m (13 x 5 ft) spacing 
has done well, 5.5 x 3 m (18 x 10 ft) spacing is at this stage the generally accepted 
commercial guideline for most cultivars (Stassen, 1999).  Figure 2 shows some young 
avocados trees densely planted.  Higher densities allow for earlier returns from the orchard, 
but a plan must be followed to deal with crowding (Faber, 1999).  Tree removal, pruning, 
replanting or a combination of techniques is required (Faber, 1999).   
Figure 2.  Dense avocado planting
Irrigation Method: 
Irrigation systems have changed over the years, evolving with the latest technology.  
Irrigation systems began with flood irrigation and moved to the hose-pull method.  The 
standard today is the solid set under tree method.  All main and lateral lines are buried with a 
microsprinkler riser beside each tree.  When the trees are small, a low cost fixed jet sprinkler 
caller a “spitter” may be used to keep initial capital and operating costs somewhat lower 
(Marsh, 1969).  Later, as the trees grow and their root systems spread, the spitter is replaced 
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with a rotating sprinkler (Marsh, 1969).  Drip or trickle irrigation has also been used on 
avocados but does not have favorable results as the soil wetting pattern is too small.  The 
volume of soil wetted by drip irrigation usually is much less than soil wetted by other 
irrigation methods. (Gustafson, 1976).  Remote control valves are available to further lessen 
the labor requirement of permanent underground systems (Marsh, 1969).  There should be 
pressure compensating emitters and/or pressure regulators in the lateral lines, filtration and 
enough irrigation blocks to meet any microclimate differences, that can be found due to 
differences in aspect, slope, and elevation (Faber, 1999).  Many groves are planted on soils 
with low moisture holding capacity (hillside decomposed granite), but some are planted on 
heavy clays that store moisture (Faber, 1999).  The soil type needs to be taken into 
consideration during the irrigation system design. 
Crop Coefficients: 
In a study by the University of California Riverside, four years of data was used to determine 
avocado crop coefficients, shown in Table 1.  The study concluded that 120% of ET provided 
significantly higher early fruit yields, but an overall 100% of ET maximizes the total annual 
yield ( Meyer, J.L, 1992). 
Table 1. Avocado crop coefficients (Kc) for CIMIS ETo. 
(Meyer, J.L., 1992) 
Month Kc Month Kc 
January 0.35 July 0.55 
February 0.40 August 0.50 
March 0.45 September 0.45 
April 0.45 October 0.45 
May 0.50 November 0.45 
June 0.55 December 0.40 
 
The latest studies have changed the Kc values that were established in 1992.  A number of 
studies have been done in California to determine the Kc for avocados (Faber, 2006).  It is 
approximately .7 for mature trees (Faber, 2006).  With most of Southern California’s waters 
we have a 10% leaching fraction, but that varies with water quality (Faber, 2006).  In the 
most recent publication, a new crop coefficient value was established.  According to J.D. 
Oster and M.L. Arpaia in a study in 2007, the crop coefficient is between .66 and .86. 
Irrigation Scheduling: 
There have been limited studies on the application frequency for avocados.  Studies have 
been completed for once, twice, and seven times a week irrigation schedules.  Leaves showed 
higher levels of sodium and chloride with the more frequent schedule because of salt 
accumulation in the root zone (Faber, 2006).  There are some growers experimenting with 
more frequent schedules, but are on a week to 10-day schedule during the summer (Faber, 
2006).   
The hazard which all avocado growers fear is root rot caused by Phytophthora Cinnamomi 
(Marsh, 1969).  The occurrence and spread of this disease is commonly associated with 
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excessive soil wetness (Marsh, 1969).  Soil moisture sensors can measure accurately the 
moisture content of the soil and aid in adjusting the irrigation set times.  Gro-Point Wireless, 
manufactured by Environmental Sensors Inc., is a system that can monitor soil moisture, 
temperature, pressure, salinity, and flow from a home computer.  However, the monitoring 
still does not completely replace the need to visually inspect sprinklers for breaks or 
plugging.   
Water Quality: 
Taking the proper steps early on can reduce productivity problems in the future (Faber, 
1999). A major factor in avocado production is the irrigation water requirement.  The 
irrigation water at 2dS/m produced healthy and vigorous growth while at 4dS/m poor growth 
was noted (Oster, 1992).   An experiment in 1992 showed that an increase in salinity from 90 
to 380 mg Cl/L reduced ‘Ettinger’ and ‘Hass’ yields by 25% (Lahav, 1992).  Knowing how 
much the salinity of the irrigation water impacts avocado production, water treatment/mixing 
and the irrigation scheduling needs to be planned out.  
 
The water quality will make a large difference in the operation and design of the orchard 
water storage and treatment system.  A few items need to be considered in evaluating the 
water quality for irrigation of avocados.  Those items include: (1) total soluble salts and (2) 
certain individual ions; sodium in relation to calcium magnesium; chloride; boron (Branson, 
1971).  With consideration for the water quality, a treatment system will be considered.  
Irrigation water needs to be treated properly to remove undesirable physical, chemical, and 
biological contaminants (Gurol, 2007). Pure-O-Tech builds systems to solve water problems 
by integrating different technologies, which include the filtration of solids, microbial 
disinfection and the treatment of salts and other molecular contaminates (Pure-O-Tech, 
2009).   
 
The collection and storage of irrigation water is a main concern for the orchard’s 
development.  All structures will follow the ASABE standards.  Water and sediment control 
basins may be used to reduce gully erosion, improve downstream water quality, and reduce 
downstream flooding (ASABE S442, 1986).  The reservoir capacity required to satisfy 
irrigation demands will be computed according to the length of the storage period, the 
anticipated inflow and outflow during this period, and the expected seepage and evaporation 
losses (NRCS 436).  An efficient and properly selected pump is crucial to an orchard 
irrigation system.  Certain considerations should be made as applicable: (1) effects of 
downstream flows or aquifer recharge volumes, (2) effects on existing wetland hydrology, 
(3) protection of the system from natural events such as floods (NRCS 533). 
 
The soil survey and runoff amounts have an impact on the tail water recovery system.  The 
soils will be analyzed using the soil survey for data and information on the exact type and 
class found at the site (USDA Soil Survey, 2008).  The hydrology and runoff curve number 
will be determined for analysis of amount of runoff to design the reservoir holding capacity 
and for other structures (Viessman, 2003). 
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PROCEDURES AND METHODS 
Field Survey 
The first step in the layout of the 20-acres of avocado orchard is to survey the land to gather 
distance and elevation data.  For this design, a portable global positioning system (GPS) was 
used.  As the site is 20-acres, the GPS equipment was attached to a Kubota RTV so the 
property could be surveyed more quickly.  The equipment was setup to take a data points 
every 20 feet latitude or longitude, or every 10 feet in elevation change.  This allows for 
enough data to convert the collected points into a topographic map so the elevation changes 
can be taken into consideration for the pipe sizes and pressure requirement.   
 
 
Figure 3.  Aerial map with survey data points 
 
Using the online Web Soil Survey provided by the Natural Resources Conversation Service, 
a soils map was created with the detailed information for the soils found on Rocky H Ranch.  
The majority of the project site is Vista course sandy loam with a small section of Cienaba 
very rocky course sandy loam.  See Appendix A for the soils map and detailed information.   
 
Before any design and layout could begin, Rocky H Ranch specified its tree spacing and 
other required dimensions.  Roads are to be a minimum of 12 feet wide.  Tree spacing for the 
Hass avocados will be 15 feet between rows and 10 feet between trees.  Rocky H Ranch 
requested buried PVC for all mainline, sub main, and laterals.  They are currently using a 
Challenger micro sprayer at 22.5 GPH and would like this design to use a similar flow rate. 
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Road Layout 
 
The roads are the first design requirement because the roads will establish the block 
dimensions and influence the tree layout.  A topographic map was created in ArcGIS from 
the GPS points.  Using the topographical map, (Figure 4) roads are mainly put along the 
contours or along a high ridge or low gully.  Connecting roads are placed between contours 
and are used to lower the distance from the middle of a block to a road for harvesting 
purposes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Contour Map 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Road layout 
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Tree Layout 
 
For the layout of the trees, the 20 acres was split into blocks. For the purpose of tree layout, a 
block is an area enclosed by roads.  Trees are placed along the contour as best as possible.  
Each tree is represented by a ten foot diameter circle so the layout along the roads can be 
established.  The trees will grow to a greater than ten foot diameter, but will be pruned when 
obstructing the road.  The map below (Figure 6) shows blocks 1 through 9. 
Figure 6: Block Numbers 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Tree layout 
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Irrigation System Design: 
 
Current Situation: 
Rocky H Ranch specified many aspects of the design.  The first aspect was the tree spacing 
to be at 15 feet between rows and 10 feet between trees.  One micro sprayer is to be installed 
in front of each tree.  Buried PVC pipe laterals will also be designed for the system. 
 
There are multiple wells on the property but two are mainly used because they offer the 
cleanest water and the highest flow rates for a total of 300 gallons per minute.  Rocky H 
Ranch is currently building a reservoir, which through pumping will allow it to irrigate more 
trees at a time than the capacity of the wells.  This will also help minimize the amount of 
water from the water district that is needed, as the price is much higher than well water.  
There are three water meters from Valley Center Municipal Water District that combine to an 
estimated available 900 gallons per minute.   
 
Total Flow Rate Requirement: 
In order to add additional trees to the ranch, it must first be determined what flow rate will be 
needed to meet the evapotranspiration needs. There are several factors that lead to the 
calculation of the evapotranspiration.  Each factor will be discussed below, and then the 
calculation will follow. 
 
Hours of Operation: 
Due to the use of a new reservoir pump, the hours of operation will be determined based on 
time of use rates dictated by San Diego Gas and Electric.  The hours are different for the 
summer (May 1 to September 30) and for the winter (October 1 to April 30).  For this design, 
since the peak evapotranspiration occurs during the summer, the operation will be based on 
the summer time of use hours.  Figure 8 below shows the charts for the current rate option 
Rocky H Ranch uses.   
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Figure 8: Time of use rates from San Diego Gas and Electric 
 
 
To minimize pumping costs, the green hours will be maximized.  During the peak 
evapotranspiration summer months, it will not be possible to irrigate all 80 acres without 
using the semi-peak (yellow) rate.  In that case, the result is a maximum of 18 hours of 
operation per day.  The peak 6 hours (red) will be avoided. Of course, all 24 hours on 
Saturday and Sunday are off peak and should be utilized if possible.   
 
Crop Coefficient (Kc): 
Avocado crop coefficients have changed over the years.  The 1992 report, “Irrigation and 
Fertilization Management of Avocados”, the avocado crop coefficient was established to be 
between .35 and .55 (Meyer et. al., 1992).  In 2007, the report “Comments about crop 
coefficients for Hass Avocados on Mexican Seedling Rootstocks” established the crop 
coefficient is between .7 and .9 (Oster, 2007).  For this design a Kc of .9 will be used. 
 
Reference Evapotranspiration (ETo):  
The ETo values are available from a CIMIS Station located in Escondido.  The CIMIS data 
can be found online in multiple locations.  The University of California Agriculture and 
Natural Resources website has the historical data.  Using data from the past five years for the 
peak ETo, the average peak ETo of the 5 years is .28 inches per day.  The peak ETo is used 
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to ensure that the irrigation system can supply sufficient water when the demand from the 
plants is the highest.  Table 2 shows the CIMIS data. 
 
Table 2.  CIMIS Data 
Location Date Soil 
max
min Solar ETo 
ESCONDIDO 6/22/2005 76 74 645 0.27 
ESCONDIDO 6/28/2006 75 72 655 0.29 
ESCONDIDO 6/30/2007 75 73 654 0.27 
ESCONDIDO 6/20/2008 77 74 658 0.30 
ESCONDIDO 7/12/2009 75 73 654 0.28 
 
Distribution Uniformity (DU):  
Distribution Uniformity is a measure of how even the water is applied to plants throughout a 
field.  Non-uniformity deprives portions of the field of the required water and can also cause 
over irrigation.  The DU is a measure of the performance of an irrigation system.  It is 
represented as a ratio between 0 and 1.  A higher DU corresponds to a more even application 
of water.  For this design a DU of .9 will be used as an estimate.  This is a typical value for 
an even application of water throughout the entire grove.  This will ensure that all the plants 
receive an adequate amount of water. 
 
Leaching Requirement (LR): 
Salts accumulate over time in the irrigated root zone.  During irrigation, saline water is added 
to the soil, the water is removed by the plants, and evaporation occurs, which leaves the 
majority of the salts behind.  Salt accumulation is largely dependent on the salt load of the 
water being applied.  To counteract the salt build-up, sufficient amounts of water need to be 
applied over and above the normal needs of the crop.  The extra water will pass through the 
root zone and carry salts with it.  Leaching can be accomplished by adding extra water during 
each irrigation, monthly, or at other regular intervals.  The factors that determine the amount 
of leaching required are:  1) soil texture   2) the amount of salt in the irrigation water and 3) 
the tolerance of the crop to salt.   
 
For this design, the first factor, soil texture, was determined to be sandy loam.  The amount 
of salt in the irrigation water is also called the water salinity, or electrical conductivity of the 
irrigation water (ECw).  The tolerance of the crop to salt is known as the soil salinity 
threshold, or the electrical conductivity of the soil water extract (ECe) where 0% yield 
reduction occurs.  Both ECw and ECe are expressed in dS/m.   
 
ECe:  The Western Fertilizer Handbook published ECe values developed for many crops.  At 
0% reduction in yield, the ECe for avocados is 1.3 dS/m. 
 
ECw:  To determine the irrigation water salinity a water sample from the wells was sent to 
Fruit Growers Labratory for analysis.  Figure 9 below shows the analysis.  The resulting 
ECw is 1360 umhos/cm or 1.36 dS/m. 
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Figure 9.  Well Irrigation Water Analysis.  
 
The equation for leaching requirement is: 
 
ܮܴ ൌ  
ܧܥݓ
ሺ5 ݔ ܧܥ݁ሻ െ  ܧܥݓ
 
 
This results with a .27 leaching requirement.  This value is very high due to the fact of the 
avocado tree being highly sensitive to salts and the fact that the irrigation water is well water 
with large amounts of salts. 
 
Planted Acres: 
The accurate amount of planted acres must be determined.  To do this for the current trees, an 
estimate of the total trees planted was established at 9,500.  The new proposed trees were 
counted when they were laid out in AUTOCAD.  Table 3 below shows the calculations. 
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Table 3. Acreage Calculations.   
Currently planted:
Number of trees= 9500 trees
Row Spacing= 15 ft
Tree Spacing= 20 ft
Tree area= 300 sq ft
Acres with trees= 65.4 acres
Proposed addition:
Number of trees= 4117 trees
Row Spacing= 15 ft
Tree Spacing= 10 ft
Tree area= 150 sq ft
Acres with trees= 14.2 acres
 
 
 
 
 
 
 
 
 
Total Acres= 79.6 acres
Total Trees= 13617 trees
 
 
 
 
Flow Requirement to meet ET calculation: 
 
 
 
 
Crop: Avocado
Kc: 0.9
Peak ETo: 0.28 in/day
Peak ETc: 0.252 in/day = Kc x Peak ETo
DU: 0.9
LR: 26.5%
Days per week 7
Gross per week: 2.67 inches/week
Hours of operation= 18 hrs
Days per week irrigating= 7 days/week
Total acres: 79.6 acres
Total Flow Needed: 762 GPM
Total gallons used per week: 5760957 gallons
 
In summary, the critical flow rate is 762 gallons per minute.  As long as each block is above 
762 GPM, then the entire 80 acres can be irrigated to meet peak ET. 
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The next step is to determine the minimum flow rate per tree required.  Table 4 below has the 
calculations.   
 
Table 4. Minimum Flow Rate Per Tree Calculations 
 
 
The resulting flow rate per tree must be greater than 23.52 gallons per hour.   
 
Micro Sprinkler Selection: 
 
The NETAFIM SUPERNET Micro-Sprinkler was chosen.  There are various nozzle sizes, 
but the .069”, #90 orange, with a nominal flow rate of 23.8 GPH is selected for the design. It 
has a 23 foot wetted diameter.  It also features pressure compensating (PC) technology that 
operates between 30 and 50 psi.  Figure 10 shows the flows at different pressures.   
Figure 10.  NETAFIM Supernet Flow VS. Pressure 
Gross per week: 2.67 inches/week
Total Acres: 79.6 acres
Total gross: 212.27 acre‐inches/week gross per week x total acres
Total gross: 5,763,889  gal/week total gross x 27154 gal/acre‐inch
Number of trees: 13617 trees
Gross per tree per week: 423.29        gallons total gross / # of trees 
Maximum Hrs: 18 hrs
Minimum flow rate per tree: 23.52           GPH gross per tree per week / hrs
 
 
When analyzing the flow rates at different pressures, it is seen that for pressure between 25 
and 30 psi, the flow changes considerably, and in actuality there is no pressure compensation 
until 30 psi.  So for the design, 30 psi will be the minimum pressure at the microsprinkler.   
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To calculate the system DU when using PC emitters, the manufacturing coefficient of 
variation (cv) and the pressure variation (∆P) are required.  The calculation is as follows: 
 
A typical cv value is .03 for new emitters.  The mitters per tree (n) is 1 in this 
design. 
number of e
ܦ ௖ܷ௩ ൌ 1 െ  
ሺ1.27 ݔ ܿݒሻ
√݊
 
 
The DUcv comes out to be .9619. 
 
The Qlq and Qavg are both found from reading the graph in figure 9. The Qlq is determined to 
be 24.25 GPH and the Qavg is determined to be 24.5 GPH.  
ܦܷ∆௉ ൌ  
ܳ௟௤
ܳ௔௩௚
 
 
The resulting DU∆P is .99.   
The system DU is the product of the DUcv and the DU∆P.  In this case, the system DU is .95. 
 
This does not take into consideration unequal drainage or spray losses.  They are considered 
negligible for this design. 
 
Pipe Sizing: 
 
To properly size the mainline, manifolds, and laterals, the flow rates must be known for each 
lateral.  Each block was independently analyzed for tree counts and flow rates. See appendix 
C for data on all the blocks.  Block 1 is showed below, Figure 11, as an example. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. Block 1 Tree Layout 
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Slope:
Rise Run % Degrees
18 126 14 8.13
Emitter Flow Rate: 23.8 GPH
Row Spacing: 15 ft
Plant Spacing: 10 ft
Manifold Length: 116 ft
Manifold:
Row North Side South Side Total Row North Side South Side Total
Inlet 8 8 9 17 Inlet 8 190.4 214.2 404.6
7 8 9 17 7 190.4 214.2 404.6
6 8 9 17 6 190.4 214.2 404.6
5 8 9 17 5 190.4 214.2 404.6
4 8 8 16 4 190.4 190.4 380.8
3 8 8 16 3 190.4 190.4 380.8
2 8 8 16 2 190.4 190.4 380.8
1 8 8 16 1 190.4 190.4 380.8
Total= 64 68 132 Total= 1523.2 1618.4 3141.6
Note: On the Length of the Lateral, 5 feet is 
added to the (plant spacing x (# of trees-1)) to 
connect the lateral to the manifold
Flow Rates (GPH)# of Trees
Table 5. Block 1 Tree Count and Flow Rates 
 
Row North Side South Side Total Row North Side South Side Total
Inlet 8 75 85 160 Inlet 8 3.17 3.57 6.74
7 75 85 160 7 3.17 3.57 6.74
6 75 85 160 6 3.17 3.57 6.74
5 75 85 160 5 3.17 3.57 6.74
4 75 75 150 4 3.17 3.17 6.35
3 75 75 150 3 3.17 3.17 6.35
2 75 75 150 2 3.17 3.17 6.35
1 75 75 150 1 3.17 3.17 6.35
Total= 600 640 1240 Total= 25.39 26.97 52.36
Length of lateral (ft) Flow Rates (GPM)
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A summary (Table 6) was generated for all nine blocks. 
 
Table 6. Summary of the nine blocks. 
 
 Inputs:Emitter Flow Rate: 23.8 GPH
Summary:
Block  Trees Total Lateral Length (ft) Flow Rate (GPM) Manifold Length
1 132            1,240                                     52.36                           116.00                   
2 641            6,235                                     254.26                        274.00                   
3 638            6,215                                     253.07                        239.00                   
4 450            4,205                                     178.50                        238.00                   
5 450            4,355                                     178.50                        275.00                   
6 620            5,870                                     245.93                        487.00                   
7 321            3,075                                     127.33                        191.00                   
8 477            4,620                                     189.21                        205.00                   
9 388            3,635                                     153.91                        354.00                   
Total= 4,117        39,450                                   1,633.08                     2,379.00               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pressure Regulation:  
Since water pressure has some effect on the emitter flow rate, variable pressures within an 
irrigation system are a major cause of poor emission uniformity.  Micro-irrigation systems 
will deliver water most effectively if operated at the emitter manufacturer recommended 
pressure.  Low pressures can lead to under irrigation due to reduced flows.  Reduced 
pressures can also cause the wetted area to become unacceptably small.  Excessive pressure 
can lead to premature deterioration of system components and misting.  Mist is susceptible to 
wind drift and often the water never reaches the trees’ root zones.  With the pressure 
compensating emitters, misting is eliminated.  
 
Effective pressure regulation is an essential part of good irrigation water management.  It is 
important to keep pressures along laterals somewhat constant to ensure that all portions of the 
grove receive equal amounts of water.  System pressures will vary throughout the system due 
to pressure loss through pipe and fittings as well as pressure fluctuations induced by 
elevation changes in undulating terrain.  Pressure regulators automatically compensate for 
changes in pressure due to elevation change or fluctuations in district water deliveries.  
Pressure regulators come in different flow rate capacities and output pressures. 
 
There will be three levels of pressure regulation: manifold, lateral, and emitter.  The first is at 
the head of the manifolds where the pressure exceeds 70psi.  This is based on keeping the 
pressure from exceeding twice the pressure set at the lateral.  The lateral pressure regulator 
will be set at 35 psi.  This is based on the nominal emitter flow rate.  It should also be noted 
that the manifold pressure regulators protect the pipes and appurtenances from unforeseen 
pressure during a set change or if by accident the wrong blocks were opened.   
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Lateral Sizing: 
To determine the lateral pipe sizes, the ITRC Drip Hose Hydraulics Program is used.  The 
program uses all the given information to determine the losses in the lateral.  The guess and 
check method is employed to change the size of the lateral pipe so that the inlet pressure is 
within reasonable range of 30 psi.  Not all laterals were examined.  A few specific laterals 
can determine the normal size of the rest of the laterals.  The long and special case laterals 
are analyzed.  The laterals are designed on the contour. This helps keep pressure variation 
minimized.  But because the terrain is still undulating in locations, the pressure compensating 
emitters will be used.  Below is an example of the program inputs and its outputs for a 
middle row of block 2.   
 
Drip Hose Hydraulics Inputs: 
1.  Discharge exponent =    .5 
 2.  Nominal flow rate of emitter, GPH =     23.8 
 3.  Pressure at that nominal flow rate, psi =    30 
 4.  Slope (positive if downhill from hose inlet), % =  0 
 5.  Hole spacing, INCHES =     120 
 6.  Hose length (not including snaking) =    205  feet 
 7.  Desired Avg. GPH/emitter =  23.8 
 8.  Hose inside diameter, inches =   .93 (class 200, .75” pipe) 
 9.  Barb type = 4 
10.  c.v. =  .03 
11.  Water Temperature, deg. F =  70 
12.  % snaking =  0 
 
Drip Hose Hydraulics Outputs: 
Max. pressure difference, psi =    2.3 
Total friction, psi =     2.4 
Inlet pressure after hose inlet fittings, psi =  31.8 
Downstream end pressure in the hose, psi =  29.3 
Pressure of emitter at average flow rate, psi =  30 
Hose inlet flow (GPM) =     8.33 
Ratio of abs. max. emitter flow to abs. minimum, QMAX/QMIN =    1.03 
Minimum emitter flow rate, GPH =  23.54 
Maximum emitter flow rate, GPH =  24.45 
Flow rate exiting hose during flushing  (GPM) =    0 
Total travel time to end, minutes =    3 
Minutes to travel 95% of hose length =   3 
 
DUlq caused by manufacturing cv =  .9619 
DUlq caused by pressure difference =  .9892865 
     New Single Hose DUlq due to combination of pressure variation and manuf. coef. of 
variation =     .95 
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Hole #1 is at the downstream end. 
 Hole        psi in hose       GPH 
1             29.3          23.794 
2             29.3          23.794 
3             29.3          23.794 
4             29.3          23.795 
5             29.4          23.795 
6             29.4          23.795 
7             29.5          23.796 
9             29.5          23.796 
10            29.6          23.797 
11            29.8          23.798 
12            29.9          23.799 
   13              30               23.8 
15            30.2          23.802 
16            30.4          23.803 
17            30.6          23.805 
18            30.8          23.806 
19            31.3          23.81 
20            31.6          23.813 
First emitter information: 
21            31.6          23.81 
Hose Inlet Pressure, psi =  31.8 
 
The lateral pipe sizes are summarized in Table 7 below.  Buried PVC pipe with risers will be 
used for all laterals. 
 
Table 7. Lateral Pipe Sizes 
Block 
Longest Row 
(# of trees) 
Pipe Size 
(inches) 
1  9  1/2 
2  21  3/4 
3  20  3/4 
4  16  3/4 
5  21  3/4 
6  21  3/4 
7  17  3/4 
8  21  3/4 
9  11  1/2 
 
 
 
 
 
 
20 
Manifold Sizing: 
Each manifold is analyzed independently to determine the pipe sizes required to maintain the 
velocity under 5 ft/s but also to minimize the pipe sizes required to minimize costs.   
A simple hydraulics program was used.  Block one below is a sample.  All blocks can be 
found in appendix C.  
 
Table 8. Manifold Sizing of Block 1 
 
 
116
15 6.0 psi
14.0% 36.0 psi
30 30.0 psi
0
910 Desired Minimum P 30.0 psi
6.23 Actual Minimum P 30.0 psi
Starting P for d/s end 36 psi Recommended d/s P: 35.98 psi
Number of outlets 8
Maximum acceptable velocity 5.0 feet/sec Total Manifold Cost: 43$          
Lateral Flow (gpm)
Actual P Change:
Max. P
Min. P
Emitter Exponent
Elevation at d/s end (ft)
Lateral Spacing (ft):
Slope % (+ is down from inlet):
Min P needed at hose inlet
Length of Manifold (ft):
INPUTS
 
 
HYDRAULIC COMPUTATIONS TABLE
Point Elevation Point P Point Q u/s Segment Pipe ID C Value Hf rate Segment Segment ΔElev ΔP u/s P Cost of Velocity
(ft.) (psi) (GPM) Q (GPM) (in) for H-W equation (psi/100') Length (ft) Hf (psi) (psi) (psi) (psi) segment
0 ("0" is an imaginary point at d/s end) 0.0 36.00
1 910.0 36.0 5.87 5.9 1.72 145 0.09 15 0.01 -0.909 -0.90 35.10 5.04 0.810946
2 912.1 35.1 5.87 11.7 1.72 145 0.31 15 0.05 -0.909 -0.86 34.24 5.04 1.621893
3 914.2 34.2 5.87 17.6 1.72 145 0.65 15 0.10 -0.909 -0.81 33.43 5.04 2.432839
4 916.3 33.4 5.87 23.5 1.72 145 1.11 15 0.17 -0.909 -0.74 32.69 5.04 3.243786
5 918.4 32.7 6.23 29.7 1.72 145 1.72 15 0.26 -0.909 -0.65 32.04 5.04 4.104467
6 920.5 32.0 6.23 35.9 1.72 145 2.45 15 0.37 -0.909 -0.54 31.49 5.04 4.965147
7 922.6 31.5 6.23 42.2 2.193 146 1.00 15 0.15 -0.909 -0.76 30.73 6.44 3.583747
8 924.7 30.7 6.23 48.4 2.193 146 1.28 15 0.19 -0.909 -0.72 30.02 6.44 4.113193
Inlet 926.8 30.0 NA NA NA 0 #VALUE! 15 #VALUE! -0.909 ###### ###### 0.00
 
Mainline Pipe Sizing: 
The first aspect of the mainline pipe sizing is to determine what blocks will be on at the same 
time, or in other words, determining the irrigation sets.  Because each block of trees has a 
different flow rate, there are multiple variations or combinations of blocks that can make up 
an irrigation set.   
 
The different irrigation set options are compared in Table 9 below. 
 
Table 9.  Irrigation Set Options 
 
Option 1 Option 2 Option 3 Option 4
Block #'s: 1,2,3,6 1,2,7,8,9 1,2,3,4 4,5,6,9
Flow (GPM): 806            777            738            757           
Block #'s: 4,5,7,8,9 3,4,5,6 6,7,8,9 1,2,3,7,8
Flow (GPM): 827            856            895            876           
Set 1
Set 2
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Options 1 and 2 were both analyzed for the required total dynamic head (TDH) and flow rate 
to operate each set. Options 3 and 4 as well as other block configurations may be viable, but 
were not analyzed.   
 
To calculate the TDH there are four components.   The elevation change, pipe friction losses, 
minor losses due to pipe fitting and valves, and filter losses are added together.  The pipe 
friction and elevations are all tabulated below.  The minor losses are estimated using the 
critical path of water and the general resistance coefficients (K) for valves and fittings. Table 
10 below shows the estimates.   
 
Table 10. Minor Loss Estimates. 
Hf = friction in feet 
 
 
 
         
K = resistance coefficients             
V= velocity in fps             
             
Looking at flow to the critical point, d/s of segment A         
Segment  Quanity  Description K 
Velocity 
(fps) 
Hf 
(feet)  Hf (psi) 
A3  2  45  0.2  4.89  0.14  0.06 
A3  1  90  0.8  4.89  0.29  0.12 
A3  1  butterfly  0.6  4.89  0.22  0.09 
A3  2  tee  0.5  4.89  0.37  0.16 
A2  1  tee  0.5  4.89  0.18  0.08 
A1  1  tee  0.5  4.89  0.18  0.08 
A  none                
Block Valve  1  globe valve  5.8  4.5  1.82  0.78 
        Total=  3.23  1.40 
 
The total minor loss calculated to be 1.4 psi, but is rounded up to 2 psi. 
 
The filter loss can change during the growing season. For best operation, the screen filter will 
be checked on a regular basis.  Using two pressure gauges, the differential pressure can tell 
when the filter is getting dirty.  The current screen filter is rated a fraction larger than needed.  
It is rated for 1,000 gallons per minute which helps to maintain low pressure loss through the 
filter.    
 
To be conservative, 5 psi for minor losses and 5 psi for filter losses will be used for this 
design.  The pump will operate using a variable frequency drive (VFD).  It is acceptable to 
design for higher pressure than required, as the VFD can control the pump and run at a 
slower speed when needed. 
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Irrigation Set Analysis: 
For the analysis of each set, the pressure requirement was calculated based on elevation 
changes and the friction through the pipe.  The pipe sizing was based on keeping the velocity 
of the water below 5 feet per second.  Option 1 can be seen in Figure 12 and option 2 in 
Figure 13. Set 1 is in blue and set 2 is in red. The analysis can be seen in Table 12 for option 
1 and Table 13 for option 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12. Irrigation option 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13. Irrigation option 2 
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Table 11.  Irrigation Option 1, Sets 1 and 2 
Set 1: 
 
 
Block  Trees
Total Lateral 
Length (ft)
Flow Rate 
(GPM)
Manifold 
Length
1 132 1240 52 116 69 psi
2 641 6235 254 274 5 psi
3 638 6215 253 239 5 psi
6 620 5870 246 487 79 psi
Total= 2031 19560 806 1116 182 Feet
Minimum required for d/s segment A= 35 psi
69
62.43 806 8.205 20 0.07 975.00 990.00 ‐15.00 ‐6.494 6.57 4.89
28.97 806 8.205 275 0.99 990.00 1065.00 ‐75.00 ‐32.47 33.46 4.89
30.04 806 8.205 304 1.10 1065.00 1060.00 5.00 2.1645 ‐1.06 4.89
37.66 806 8.205 524 1.90 1060.00 1038.00 22.00 9.5238 ‐7.63 4.89
35.44 806 8.205 375 1.36 1038.00 1040.00 ‐2.00 ‐0.866 2.22 4.89
66.79 561 8.205 608 1.12 1040.00 965.00 75.00 32.468 ‐31.34 3.41
76.24 308 5.291 266 1.37 965.00 940.00 25.00 10.823 ‐9.45 4.50
83.48 308 5.291 274 1.41 940.00 920.00 20.00 8.658 ‐7.24 4.50
81.71 52 2.193 127 1.77 920.00 920.00 0.00 0 1.77 4.42
Δ P 
(psi)
d/s pt. of Seg. B
d/s pt. of Seg. C
d/s pt. of Seg. D
d/s pt. of Seg. E
Velocity 
(ft/s)
At pump
d/s pt. of Seg. A
d/s pt. of Seg. A3
Point
Point 
P (psi)
u/s Seg Q 
(gpm)
Pipe ID 
(in)
g
length 
(ft)
Segment Hf 
(psi)
Elevation 
u/s
Elevation 
d/s
d/s pt. of Seg. A2
d/s pt. of Seg. A1
Δ Elev 
(feet)
Δ Elev 
(psi)
u/s pt. of pump pipe
Pressure Requirements:
Elev. and Pipe Friction:
Minor Losses:
Filter:
Total: 
TDH:
Set 2: 
 
 
Block  Trees
Total Lateral 
Length (ft)
Flow Rate 
(GPM)
Manifold 
Length
4 450 4205 179 238 67 psi
5 450 4355 179 275 5 psi
7 321 3075 127 191 5 psi
8 477 4620 189 205 77 psi
9 388 3635 154 354 178 Feet
Total= 2086 19890 827 1263
Minimum required for d/s segment A= 35 psi
67
60.43 827.4 8.205 20 0.08 975.00 990.00 ‐15.00 ‐6.494 6.57 5.02
26.92 827.4 8.205 275 1.04 990.00 1065.00 ‐75.00 ‐32.47 33.51 5.02
28.61 510.9 8.205 304 0.47 1065.00 1060.00 5.00 2.1645 ‐1.69 3.10
37.32 510.9 8.205 524 0.81 1060.00 1038.00 22.00 9.5238 ‐8.71 3.10
35.87 510.9 8.205 375 0.58 1038.00 1040.00 ‐2.00 ‐0.866 1.45 3.10
53.90 332.4 5.291 608 3.61 1040.00 990.00 50.00 21.645 ‐18.03 4.85
55.22 154 3.284 266 3.88 990.00 978.00 12.00 5.1948 ‐1.32 5.84
67
59.46 827.4 8.205 275 1.04 975.00 990.00 ‐15.00 ‐6.494 7.54 5.02
25.95 827.4 8.205 275 1.04 990.00 1065.00 ‐75.00 ‐32.47 33.51 5.02
67.56 316.5 5.291 1107 6.01 1065.00 955.00 110.00 47.619 ‐41.61 4.62
64.28 127.3 3.284 320 3.28 955.00 955.00 0.00 0 3.28 4.83
Velocity 
(ft/s)
At Pump
d/s pt. of Seg. A3
Δ Elev 
(feet)
Δ Elev 
(psi)
Δ P 
(psi)
d/s pt. of Seg. C
At Pump
d/s pt. of Seg. A3
d/s pt. of Seg. A2
d/s pt. of Seg. A1
d/s pt. of Seg. A
d/s pt. of Seg. B
Segment 
length 
Velocity 
(ft/s)
Elevation 
d/s
Elevation 
u/s
d/s pt. of Seg. D
d/s pt. of Seg. E
Pipe ID 
(in)
Segment 
length 
Segment Hf 
(psi)Point
Point 
P (psi)
u/s Seg Q 
(gpm)
u/s pt. of pump pipe
Point
Point 
P (psi)
u/s Seg Q 
(gpm)
Pipe ID 
(in)
Segment Hf 
(psi)
Δ Elev 
(feet)
Δ Elev 
(psi)
Δ P 
(psi)
Elevation 
d/s
Elevation 
u/s
u/s pt. of pump pipe
TDH:
Elev. and Pipe Friction:
Minor Losses:
Filter:
Total: 
Pressure Requirements:
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Table 12. Irrigation Option 2, Set 1and 2 
Set 1: 
 
 
Block  Trees
Total Lateral 
Length (ft)
Flow Rate 
(GPM)
Manifold 
Length
1 132         1,240                     52                   116              45 psi
2 641         6,235                     254                 274              5 psi
7 321         3,075                     127                 191              5 psi
8 477         4,620                     189                 205              55 psi
9 388         3,635                     154                 354              127 Feet
Total= 1,959     18,805                  777                 1,140         
Minimum required for d/s segment C= 35 psi
45
38.44 777 8.205 20 0.07 975.00 990.00 ‐15.00 ‐6.494 6.56 4.72
5.04 777 8.205 275 0.93 990.00 1065.00 ‐75.00 ‐32.47 33.40 4.72
5.79 461 6.301 304 1.41 1065.00 1060.00 5.00 2.1645 ‐0.75 4.75
12.88 461 6.301 524 2.44 1060.00 1038.00 22.00 9.5238 ‐7.09 4.75
10.27 461 6.301 375 1.74 1038.00 1040.00 ‐2.00 ‐0.866 2.61 4.75
39.91 461 6.301 608 2.83 1040.00 965.00 75.00 32.468 ‐29.64 4.75
49.37 307 5.291 266 1.36 965.00 940.00 25.00 10.823 ‐9.46 4.48
56.62 307 5.291 274 1.41 940.00 920.00 20.00 8.658 ‐7.25 4.48
54.85 52 2.193 127 1.77 920.00 920.00 0.00 0 1.77 4.42
45
38.44 777 8.205 20 0.07 975.00 990.00 ‐15.00 ‐6.494 6.56 4.72
5.04 777 8.205 275 0.93 990.00 1065.00 ‐75.00 ‐32.47 33.40 4.72
51.01 317 5.291 304 1.65 1065.00 955.00 110.00 47.619 ‐45.96 4.63
45.66 127 3.284 524 5.35 955.00 955.00 0.00 0 5.35 4.81
d/s pt. of Seg. A1
Elevation 
d/s
Elevation 
u/s
Δ Elev 
(feet)
Δ Elev 
(psi)Point
Point P 
(psi) u/s Seg Q (gpm) Pipe ID (in)
Segment 
length (ft)
Segment Hf 
(psi)
At pump 
u/s pt. of pump pipe
d/s pt. of Seg. A3
d/s pt. of Seg. A2
Δ P 
(psi)
Velocity 
(ft/s)
d/s pt. of Seg. A
d/s pt. of Seg. B
d/s pt. of Seg. C
d/s pt. of Seg. D
d/s pt. of Seg. E
u/s pt. of pump pipe
d/s pt. of Seg. A3
d/s pt. of Seg. F
d/s pt. of Seg. G
Δ P 
(psi)
Velocity 
(ft/s)
At pump 
Point
Point P 
(psi) u/s Seg Q (gpm) Pipe ID (in)
Segment 
length (ft)
Segment Hf 
(psi)
Elevation 
d/s
Elev. and Pipe Friction:
Minor Losses:
Filter:
Total: 
TDH:
Elevation 
u/s
Δ Elev 
(feet)
Δ Elev 
(psi)
Pressure Requirements:
Set 2: 
 
 
Block   Trees 
 Total Lateral 
Length (ft) 
 Flow Rate 
(GPM) 
 Manifold 
Length 
3 638         6,215                     253 239              70 psi
4 450         4,205                     179 238              5 psi
5 450         4,355                     179 275              5 psi
6 620         5,870                     246 487              80 psi
Total= 2,158     20,645                  856 1,239          185 Feet
Minimum required for d/s segment A= 35 psi
70
63.43 856 8.205 20 0.08 975.00 990.00 ‐15.00 ‐6.494 6.57 5.20
29.85 856 8.205 275 1.11 990.00 1065.00 ‐75.00 ‐32.47 33.58 5.20
30.78 856 8.205 304 1.23 1065.00 1060.00 5.00 2.1645 ‐0.94 5.20
38.19 856 8.205 524 2.12 1060.00 1038.00 22.00 9.5238 ‐7.40 5.20
35.80 856 8.205 375 1.52 1038.00 1040.00 ‐2.00 ‐0.866 2.38 5.20
51.73 332.4 5.291 453 2.69 1040.00 997.00 43.00 18.615 ‐15.92 4.85
63.26 154 4.28 362 1.45 997.00 967.00 30.00 12.987 ‐11.53 3.44
Segment Hf 
(psi)
Elevation 
d/sPoint
At Pump
Point P 
(psi) u/s Seg Q (gpm) Pipe ID (in)
Segment 
length (ft)
Elevation 
u/s
Δ Elev 
(feet)
Δ Elev 
(psi)
Δ P 
(psi)
Velocity 
(ft/s)
d/s pt. of Seg. C
u/s pt. of pump pipe
d/s pt. of Seg. A3
d/s pt. of Seg. A2
d/s pt. of Seg. A1
d/s pt. of Seg. A
d/s pt. of Seg. B
TDH:
Pressure Requirements:
Elev. and Pipe Friction:
Minor Losses:
Filter:
Total: 
For option 2, set 1, the critical point was to have 35 psi at the downstream point of segment c, 
but it turned out that the actual critical point was the downstream point of segement A3.  Five 
psi was chosen for a minimum presure at the downstream point of segment A3. 
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Horsepower Comparison: 
In order to determine the best irrigation set, the horsepower required for each option is 
calculated.  The horsepower calculations makes it possible to compare the two options on the 
cost of electricity.  The flow rate and TDH from above are imputed in the water horsepower 
equation along with the estimated efficiency.  The eqution is:   
 
 
The cost per KW-hr is estimated at $.1/KW-hr.  In reality, the cost changes for different 
times, but will be between $.7/KW-hr and $.19/KW-hr. So the $.1/KW-hr is a good estimate.  
In Table 13 below is the comparison. 
 
Table 13.  Horsepower Calculations and Comparison. 
 
 
Option 1: Option 2:
Set 1: Set 1:
Flow Rate: 806 GPM Flow Rate: 777 GPM
TDH: 182 Feet TDH: 127 Feet
Bowl Efficiency: 81% Bowl Efficiency: 81%
Motor Efficiency: 91% Motor Efficiency: 91%
Combined Efficiency: 74% Combined Efficiency: 74%
Water Horsepower: 50.3 HP Water Horsepower: 33.8 HP
Set 2: Set 2:
Flow Rate: 827 GPM Flow Rate: 856 GPM
TDH: 178 Feet TDH: 185 Feet
Bowl Efficiency: 81% Bowl Efficiency: 81%
Motor Efficiency: 91% Motor Efficiency: 91%
Combined Efficiency: 74% Combined Efficiency: 74%
Input Horsepower: 50.4 HP Input Horsepower: 54.3 HP
Average HP: 50.3 HP Average HP: 44.0 HP
Average KW: 37.6 KW Average KW: 32.8 KW
Hours: 1 hrs Hours: 1 hrs
Electricity Cost: 0.1 $/KW‐hr Electricity Cost: 0.1 $/KW‐hr
Cost per hour: 3.76$  Cost per hour: 3.28$ 
It is seen that option 2 is cheaper to operate by $.47 per hour.  The reason it’s cheaper is the 
high pressure blocks are all operated at the same time. This allows for the other blocks that 
require less pressure to be run at the same time which requires less power.  Option 2 will be 
used. 
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The flow rate required is based on how many trees Rocky H Ranch wants to irrigate at one 
time. The block flow rates should be compared to the flow rate required to meet peak ET. 
The two block flow rates are 777 and 856 gallons per minute, which are both more than 762 
gallons per minute that was the required flow rate to meet peak ET. 
 
A 50HP Model 800S-2 Grundfos was selected.  The pump will operate at maximum 
efficiency for flow rates between 680 and 900 gallons per minute.  Table 14 has a summary 
of the pump specifications.   
 
Table 14.  Pump Specifications 
Model : 
800S500‐2 
(50HP)   
Outlet Size:  6  inch 
Flow Range:  160‐1100  GPM 
Nominal Dia:  10  inch 
Max RPM:  3450  RPM 
Max Frequency:  60  Hz 
Min Frequency:  35  Hz 
Min RPM:  2012.5  RPM 
 
The minimum and maximum frequency is directly related to the design of the pump and 
motor.  The maximum frequency is a set rating.  The minimum frequency is based on how it 
operates.  As the pump starts, it requires sufficient velocity for the rotating bearings to float 
on the surface of water to minimize friction and bearing failure.  That velocity corresponds to 
a frequency of 35 hertz, which in this case is 2012.5 RPM. Figure 14 below, shows the 2 
operating points as well as the pump curves for different speeds. 
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Figure 14.  Pump curves at different speeds (RPM) 
 
 
Air Vents: 
 
Air release and vacuum relief are important to protect your irrigation system and ensure 
proper function.  The irrigation system pipeline requires continuous acting air vents and 
air/vacuum relief vents to help relieve air during fill up and operation.  Air needs to be 
allowed to enter the pipes efficiently and allow the pipes to drain easily when water is shut 
off.  Since the manifold control valves are installed above ground, it is a good place to install 
the air/vacuum reliefs.   
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To properly size the air/vacuum releases and continuous air releases, table 15 below was 
consulted for the minimum size relief for various pipe sizes.   
  
Table 15.  Air rate capacities required for various pipe sizes. 
PVC Nominal 
Diameter Air Release
Vacuum 
Relief 
Continuous 
Air Release 
Inches CFM CFM CFM 
1 5 2 .2 
2 16 8 1 
3 35 18 2 
4 60 30 3 
5 90 45 5 
6 130 65 6 
8 220 110 11 
10 340 170 17 
12 480 240 24 
15 690 345 35 
18 1030 515 51 
21 1430 715 71 
24 1800 900 90 
 
Netafim manufactures high quality air reliefs.  Table 16 below shows Netafim product 
specifications. 
 
Table 16.  Netafim air relief product specifications 
Air Volume 
Model 
Diameter 
(inch)  CMH  CFM 
A
ir
/V
ac
uu
m
 
on
ly
 
AV‐010 0.75  160  94 
AV‐010 1  160  94 
AV‐010 2  350  206 
AV‐010 3  900  529 
Co
m
bo
 
Re
le
as
e  DG‐10  0.75  47  28 
DG‐10  1  47  28 
DG‐10  2  280  165 
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Based on this information, table 17 below shows the size of air relief to be used for each size 
of pipe. 
 
Table 17. Pipe size and air release model selection 
 Pipe 
Size 
Model AV-010 
Size (inch) 
Model DG-10 
Size (inch) 
1 .75 .75 
2 .75 .75 
3 .75 2 
4 .75 2 
5 2 2 
6 2 2 
8 3 2 and a .75 
model AV-010 * 
 
 
* Eight inch pipe requires 220 CFM air release, but the 2 inch model only provides 165, so 
the additional air release will come from the .75 inch model AV-010. Or a 1 inch continuous 
air release model SG-10 and a 3 inch model AV-010 could be used. 
 
Table 18 below has the recommended air relief locations. 
 
Table 18.  Recommended air relief locations 
 Valve Type 
Location 
Air/Vacuum 
Relief 
Continuous 
Air Release 
Every 1,320 feet X  X  
At all high points X  X  
Upstream of pump check valves X  
All point where pipe begins to slope downhill X X 
Downstream of an on/off control valve X  
Upstream of an on/off control valve  X 
On filter inflow manifolds (downstream end)  X 
 
Filtration: 
 
To avoid microsprinkler plugging, the filter should be selected to stop all particles that are 
1/10 the size of the diameter of the microsprinkler.   So in this case, the microsprinkler 
diameter is .069 inches. The required filtration would then be .0069 inches.  This corresponds 
to 80 mesh.  To be safe, a 120 mesh stainless steel screen filter is selected.  
 
As the irrigation system is fed from a reservoir, the reservoir acts like a settling basin for any 
sand or salt.  But the organic matter and other debris will have to be maintained.  The 
reservoir is used as a regulating reservoir, so it is filled and drained often. This reduces the 
amount of growth and debris in the reservoir.  A maintenance program should be established 
to keep the reservoir and filter system in excellent condition.  
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RESULTS 
 
General: 
Crop: Avocado 
Total Planted Acres: 14.2 
Total Number of Trees: 4117 
Plant Row Spacing: 15 feet 
Plant Tree Spacing: 10 feet 
 
Irrigation System: 
Micro-Sprinkler: NETAFIM SUPERNET 
Model: Orange #90, .069” orifice 
Nominal Flow Rate: 23.8 GPH 
Nominal Pressure: 30 PSI 
Wetted Diameter: 23 feet 
Number of Sets: 2 
 
Set 2:  
Block Numbers: 3,4,5,6 
Number of Trees:  2158 
Flow Rate: 856 GPM 
TDH: 185 Feet 
Set1:  
Block Numbers: 1,2,7,8,9 
Number of Trees: 1959 
Flow Rate: 777 GPM  
TDH: 127 Feet 
 
Pump: Grundfos 50HP Model 800S-2  
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DISCUSSION 
 
The overall design is a long and in depth process.  It was learned early on how much each 
aspect of the design impacts all the following design decisions.  For instance, if the roads 
changed, then the tree layout would change. Because of this, each step of the process should 
be done methodically and calculated as precisely as possible. 
 
Each component to this project offered a lesson to be learned.  The GPS survey was the first 
component.  With my prior knowledge from class and general experience with the equipment 
I had few problems in taking the data points.  However, problems arose when attempting to 
work with the data.  The better one knows the software, weather Arc Map or AutoCad, the 
better they can manipulate the data. For me this was a big hurdle as I had little experience 
with manipulating GPS data.  ArcMap ended up being my software of choice, as help came 
from other students and Professor Mastin.  When the topographic map was created, I realized 
I should have taken more points in the surrounding area or at least 100 feet outside of my 
project area.  This would have resulted in a better map. 
 
The next step that was a struggle was the layout of the roads and trees. Again, the lack of 
experience with the software, AutoCAD in this case, was the problem.  Through time and 
patience, as well as help from others, the map took shape.  It was a large learning curve, but 
well worth the investment.  It was added stress not knowing how to get this part of the 
project done, but I am glad to have the skills now. 
 
The actual irrigation design did not follow what I originally had in mind.  I thought I could 
base the design on the hours needed to irrigate to fulfill the ET requirements. But instead the 
flow rate is much better to use for design considerations.  After that it was a combination of 
excel spreadsheets and maps that resulted in proving the hydraulics would work.  The BRAE 
414 irrigation designs were a good practice in class, but were too simple for this project.   
 
The only class I wish I would have taken before beginning this project is BRAE 532, Pumps 
and Wells. I did not have the required knowledge about pumps and doing the proper 
calculations.  Although I was able to ask questions and do some reading, it would have been 
easier to know more ahead of time. 
 
The most challenging aspect of this project was getting all the early design decisions 
completed.  After that, it was only a matter of spending the time and effort to do the 
calculations and write the report.  The initial view of where the project would go and how it 
would be completed was not accurate.  The amount of calculations and explanations is well 
beyond expected.  The total learning that occurred because of this project is well beyond 
what can ever be learned in a classroom setting.  The “Learn By Doing” philosophy is the 
most important lesson learned.  It is taking a real situation and designing for specific goals, 
and not being able to change or fudge things to get it done.  I am proud of the design and the 
knowledge that I gained from this project. 
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RECOMMENDATIONS 
 
The first recommendation is to continue to work and improve the design as the installation 
progresses.  The design completed here is only accurate if the roads and dimensions are true.  
So it is fair to say things will be different due to construction changes, which may improve 
the design. 
 
Other recommendations would be to complete a cost analysis, design automated controls for 
the block valves and the pump, and design a system for remote reservoir level monitoring 
and pump flow and pressure monitoring.
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HOW PROJECT MEETS REQUIREMENTS FOR THE BRAE MAJOR 
Major Design Experience  
The project must incorporate a major design experience.  Design is the process of devising a 
system, component, or process to meet specific needs.  The design process typically includes 
the following fundamental elements.  This project addresses these issues as follows. 
 
Establishment of objectives and criteria 
Project objectives and criteria are established to meet the needs and expectations of Rocky H 
Ranch.  See "Parameters and Constraints" section below for specific objectives and criteria 
for the project. 
 
Synthesis and analysis 
The project will incorporate analysis for maximizing the properties use and options, be a 
robust and user friendly irrigation system, and layout a schedule to maintain affordability. 
 
Construction, testing and evaluation 
The micro-sprayer system was designed to be installed on Rocky H Ranch.  Once the system 
has been installed it will be commissioned to operate properly.  
 
Incorporation of applicable engineering standards 
The project will utilize ASABE Standards along with NRCS guidelines for the roads and 
irrigation system.  The irrigation system will follow the industry standards and obey the 
manufacturer recommended values for allowable pressure ratings for the pipeline and 
appurtenances. 
 
Capstone Design Experience  
The engineering design project must be based on the knowledge and skills acquired in earlier 
coursework.  This project incorporates knowledge/skills from these key courses. 
 
BRAE 151 AutoCAD 
BRAE 236 Principles of Irrigation 
BRAE 239 Engineering Surveying 
BRAE 312 Hydraulics/Fluid Mechanics 
BRAE 331 Irrigation Theory 
BRAE 403 Engineering Economics 
BRAE 405 Chemigation 
BRAE 414 Irrigation Engineering 
SS121 Soil Science 
ENG 149 Technical Writing 
 
Design Parameters and Constraints 
This project addresses a significant number of categories of constraints listed below. 
 
Physical 
The field where the micro-sprayer irrigation system will be installed is 20 acres.  The tree 
spacing will be 15 feet between rows and 10 feet between trees.  The irrigation system must 
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be able to adequately apply enough water to meet the peak evapotranspiration rate (.28 
inches per day) for avocados in Escondido, Ca.  The system is expected to have a least a .9 
distribution uniformity after installation. 
 
Economic 
The irrigation system was designed for optimal performance and to maximize yield on the 20 
acre parcel.  A cost analysis could be conducted to minimize component costs. 
 
Environmental 
The irrigation efficiency will be higher compared to other irrigation systems in the area. 
 
Sustainability 
The micro-sprayer system is expected to last at least 15 years.  The design will improve the 
sustainability for Rocky H Ranch as a family farm. 
 
Manufacturability 
The design will incorporate readily available parts. 
 
Health and Safety 
The design will take into account the safety of the public.  Pressure relief valves will be 
installed to protect the components from exceeding the maximum pressure ratings.  A fence 
ill be installed around the pump filter station to only allow authorized personal.   w 
Ethical 
Design decisions will be truthful. 
 
Social 
N/A 
 
Political 
N/A 
 
Aesthetic 
The finished design will be visually appealing. 
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APPENDIX C 
DESIGN CALCULATIONS 
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Block Information: 
 
 
Block 2:
Slope:
Rise Run % Degrees
23 244 9.43 5.38
Emitter Flow Rate: 23.8 GPH
Row Spacing: 15 ft
Plant Spacing: 10 ft
Manifold Length: 274 ft
Manifold:
Row North Side South Side Total Row North Side South Side Total
Inlet 18 19 0 19 Inlet 18 452.2 0 452.2
17 20 2 22 17 476 47.6 523.6
16 20 5 25 16 476 119 595
15 20 9 29 15 476 214.2 690.2
14 20 12 32 14 476 285.6 761.6
13 20 16 36 13 476 380.8 856.8
12 20 19 39 12 476 452.2 928.2
11 20 21 41 11 476 499.8 975.8
10 20 21 41 10 476 499.8 975.8
9 20 21 41 9 476 499.8 97
8 20 20 40 8 476 476 952
7 20 20 40 7 476 476 952
6 20 20 40 6 476 476 952
5 20 19 39 5 476 452.2 92
4 20 19 39 4 476 452.2 92
3 20 19 39 3 476 452.2 92
2 21 19 40 2 499.8 452.2 952
1 21 18 39 1 499.8 428.4 928.2
Total= 361 280 641 Total= 8591.8 6664 15256
# of Trees Flow Rates (GPH)
5.8
8.2
8.2
8.2
Row North Side South Side Total Row North Side South Side Total
Inlet 18 185 0 185 Inlet 18 7.54 0.00 7.54
17 195 15 210 17 7.93 0.79 8.73
16 195 45 240 16 7.93 1.98 9.92
15 195 85 280 15 7.93 3.57 11.50
14 195 115 310 14 7.93 4.76 12.69
13 195 155 350 13 7.93 6.35 14.28
12 195 185 380 12 7.93 7.54 15.47
11 195 205 400 11 7.93 8.33 16.26
10 195 205 400 10 7.93 8.33 16.26
9 195 205 400 9 7.93 8.33 16.26
8 195 195 390 8 7.93 7.93 15.87
7 195 195 390 7 7.93 7.93 15.87
6 195 195 390 6 7.93 7.93 15.87
5 195 185 380 5 7.93 7.54 15.47
4 195 185 380 4 7.93 7.54 15.47
3 195 185 380 3 7.93 7.54 15.47
2 205 185 390 2 8.33 7.54 15.87
1 205 175 380 1 8.33 7.14 15.47
Total= 3520 2715 6235 Total= 143.20 111.07 254.26
Length of lateral (ft) Flow Rates (GPM)
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Block 3:
Slope:
Rise Run % Degrees
15 240 6.25 3.58
Emitter Flow Rate: 23.8 GPH
Row Spacing: 15 ft
Plant Spacing: 10 ft
Manifold Length: 239 ft
Manifold:
Row North Side South Side Total Row North Side South Side Total
Inlet 17 20 20 40 Inlet 17 476 476 952
16 20 21 41 16 476 499.8 975.8
15 20 21 41 15 476 499.8 975.8
14 20 21 41 14 476 499.8 975.8
13 20 21 41 13 476 499.8 975.8
12 20 21 41 12 476 499.8 975.8
11 20 21 41 11 476 499.8 975.8
10 20 21 41 10 476 499.8 975.8
9 20 21 41 9 476 499.8 975.8
8 20 21 41 8 476 499.8 975.8
7 20 19 39 7 476 452.2 928.2
6 20 19 39 6 476 452.2 928.2
5 20 18 38 5 476 428.4 904.4
4 20 16 36 4 476 380.8 856.8
3 20 15 35 3 476 357 83
2 20 13 33 2 476 309.4 785.4
1 0 9 9 1 0 214.2 214.2
Total= 320 318 638 Total= 7616 7568.4 15184
# of Trees Flow Rates (GPH)
3
 
 
Row North Side South Side Total Row North Side South Side Total
Inlet 17 195 195 390 Inlet 17 7.9 7.9 15.87
16 195 205 400 16 7.9 8.3 16.26
15 195 205 400 15 7.9 8.3 16.26
14 195 205 400 14 7.9 8.3 16.26
13 195 205 400 13 7.9 8.3 16.26
12 195 205 400 12 7.9 8.3 16.26
11 195 205 400 11 7.9 8.3 16.26
10 195 205 400 10 7.9 8.3 16.26
9 195 205 400 9 7.9 8.3 16.26
8 195 205 400 8 7.9 8.3 16.26
7 195 185 380 7 7.9 7.5 15.47
6 195 185 380 6 7.9 7.5 15.47
5 195 175 370 5 7.9 7.1 15.07
4 195 155 350 4 7.9 6.3 14.28
3 195 145 340 3 7.9 6.0 13.88
2 195 125 320 2 7.9 5.2 13.09
1 0 85 85 1 0.0 3.6 3.57
Total= 3120 3095 6215 Total= 126.9333 126.14 253.1
Length of lateral (ft) Flow Rates (GPM)
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Block 4:
Slope:
Rise Run % Degrees
26 225 11.56 6.59
Emitter Flow Rate: 23.8 GPH
Row Spacing: 15 ft
Plant Spacing: 10 ft
Manifold Length: 238 ft
Manifold:
Row North Side South Side Total Row North Side South Side Total
Inlet 16 13 13 26 16 309.4 309.4 618.8
15 13 14 27 15 309.4 333.2 642.6
14 13 14 27 14 309.4 333.2 642.6
13 13 14 27 13 309.4 333.2 642.6
12 13 14 27 12 309.4 333.2 642.6
11 13 15 28 11 309.4 357 666.4
10 13 15 28 10 309.4 357 666.4
9 13 15 28 9 309.4 357 666.4
8 13 15 28 8 309.4 357 666.4
7 13 15 28 7 309.4 357 666.4
6 13 15 28 6 309.4 357 666.4
5 13 15 28 5 309.4 357 666.4
4 14 16 30 4 333.2 380.8 7
3 14 16 30 3 333.2 380.8 7
2 14 16 30 2 333.2 380.8 7
1 14 16 30 1 333.2 380.8 7
Total= 212 238 450 Total= 5045.6 5664.4 10710
# of Trees Flow Rates (GPH)
14
14
14
14
 
 
Row North Side South Side Total Row North Side South Side Total
16 125 125 250 16 5.2 5.2 10.31
15 125 135 260 15 5.2 5.6 10.71
14 125 135 260 14 5.2 5.6 10.71
13 125 135 260 13 5.2 5.6 10.71
12 125 135 260 12 5.2 5.6 10.71
11 125 145 270 11 5.2 6.0 11.11
10 125 145 270 10 5.2 6.0 11.11
9 125 145 270 9 5.2 6.0 11.11
8 125 145 270 8 5.2 6.0 11.11
7 125 145 270 7 5.2 6.0 11.11
6 125 145 270 6 5.2 6.0 11.11
5 125 145 270 5 5.2 6.0 11.11
4 135 155 290 4 5.6 6.3 11.9
3 135 155 290 3 5.6 6.3 11.9
2 135 155 290 2 5.6 6.3 11.9
1 0 155 155 1 5.6 6.3 11.9
Total= 1905 2300 4205 Total= 84.1 94.4 178.5
Length of lateral (ft) Flow Rates (GPM)
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Block 5:
Slope:
Rise Run % Degrees
45 95 47.37 25.35
Emitter Flow Rate: 23.8 GPH
Row Spacing: 15 ft
Plant Spacing: 10 ft
Manifold Length: 114 ft
West
Manifold:
Row West Side East Side Total Row West Side East Side Total
9 0 5 5 9 0 119 119
8 0 13 13 8 0 309.4 309
7 0 21 21 7 0 499.8 500
6 8 21 29 6 190.4 499.8 690
5 17 21 38 5 404.6 499.8 904
4 17 21 38 4 404.6 499.8 904
3 17 16 33 3 404.6 380.8 785
2 17 6 23 2 404.6 142.8 547
1 18 0 18 1 428.4 0 428
Total= 94 124 218 Total= 2237.2 2951.2 5188
Row West Side East Side Total Row West Side East Side Total
9 0 45 45 9 0.0 2.0 1.98
8 0 125 125 8 0.0 5.2 5.16
7 0 205 205 7 0.0 8.3 8.33
6 75 205 280 6 3.2 8.3 11.50
5 165 205 370 5 6.7 8.3 15.07
4 165 205 370 4 6.7 8.3 15.07
3 165 155 320 3 6.7 6.3 13.09
2 165 55 220 2 6.7 2.4 9.12
1 175 0 175 1 7.1 0.0 7.14
Total= 910 1200 2110 Total= 37.29 49.19 86.47
Length of lateral (ft) Flow Rates (GPM)
# of Trees Flow Rates (GPH)
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East: 
 
 
Slope:
Rise Run % Degrees
32 90 35.56 19.57
Manifold Length: 161 ft
East
Manifold:
Row West Side East Side Total Row West Side East Side Total
8 1 17 18 8 23.8 404.6 428.4
7 9 15 24 7 214.2 357 571.2
6 17 17 34 6 404.6 404.6 809.2
5 21 19 40 5 499.8 452.2 952
4 21 21 42 4 499.8 499.8 999.6
3 21 12 33 3 499.8 285.6 785.4
2 21 2 23 2 499.8 47.6 547.4
1 18 0 18 1 428.4 0 428.4
Total= 129 103 232 Total= 3070.2 2451.4 5521.6
Row West Side East Side Total Row West Side East Side Total
8 5 165 170 8 0.4 6.7 7.1
7 85 145 230 7 3.6 6.0 9.5
6 165 165 330 6 6.7 6.7 13.5
5 205 185 390 5 8.3 7.5 15.9
4 205 205 410 4 8.3 8.3 16.7
3 205 115 320 3 8.3 4.8 13.1
2 205 15 220 2 8.3 0.8 9.1
1 175 0 175 1 7.1 0.0 7.1
Total= 1250 995 2245 Total= 51.2 40.9 92.0
# of Trees Flow Rates (GPH)
Length of lateral (ft) Flow Rates (GPM)
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Block 6:
Slope:
Rise Run % Degrees
45 487 9.24 5.28
Emitter Flow Rate: 23.8 GPH
Row Spacing: 15 ft
Plant Spacing: 10 ft
Manifold Length: 487 ft
Manifold:
Row North Side South Side Total Row North Side South Side Total
Inlet 33 1 1 2 Inlet 33 23.8 23.8 47.6
32 2 4 6 32 47.6 95.2 142.8
31 3 7 10 31 71.4 166.6 238
30 4 10 14 30 95.2 238 333.2
29 5 13 18 29 119 309.4 428.4
28 5 14 19 28 119 333.2 452.2
27 6 13 19 27 142.8 309.4 452.2
26 7 13 20 26 166.6 309.4 476
25 8 13 21 25 190.4 309.4 499.8
24 9 12 21 24 214.2 285.6 499.8
23 9 12 21 23 214.2 285.6 499.8
22 10 11 21 22 238 261.8 499.8
21 11 11 22 21 261.8 261.8 523.6
20 12 10 22 20 285.6 238 523.6
19 13 10 23 19 309.4 238 547.4
18 13 9 22 18 309.4 214.2 523.6
17 14 9 23 17 333.2 214.2 547.4
16 15 9 24 16 357 214.2 571.2
15 16 8 24 15 380.8 190.4 571.2
14 17 8 25 14 404.6 190.4 595
13 17 7 24 13 404.6 166.6 571.2
12 18 7 25 12 428.4 166.6 595
11 19 6 25 11 452.2 142.8 595
10 20 6 26 10 476 142.8 618.8
9 21 5 26 9 499.8 119 618.8
8 21 5 26 8 499.8 119 618.8
7 19 5 24 7 452.2 119 571.2
6 16 4 20 6 380.8 95.2 476
5 13 4 17 5 309.4 95.2 404.6
4 10 3 13 4 238 71.4 309.4
3 7 3 10 3 166.6 71.4 238
2 3 2 5 2 71.4 47.6 119
1 1 1 2 1 23.8 23.8 47.6
Total= 365 255 620 Total= 8687 6069 14756
# of Trees Flow Rates (GPH)
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Block 6 Continued: 
 
 
Row North Side South Side Total Row North Side South Side Total
Inlet 33 5 5 10 Inlet 33 0.40 0.40 0.79
32 15 35 50 32 0.79 1.59 2.38
31 25 65 90 31 1.19 2.78 3.97
30 35 95 130 30 1.59 3.97 5.55
29 45 125 170 29 1.98 5.16 7.14
28 45 135 180 28 1.98 5.55 7.54
27 55 125 180 27 2.38 5.16 7.54
26 65 125 190 26 2.78 5.16 7.93
25 75 125 200 25 3.17 5.16 8.33
24 85 115 200 24 3.57 4.76 8.33
23 85 115 200 23 3.57 4.76 8.33
22 95 105 200 22 3.97 4.36 8.33
21 105 105 210 21 4.36 4.36 8.73
20 115 95 210 20 4.76 3.97 8.73
19 125 95 220 19 5.16 3.97 9.12
18 125 85 210 18 5.16 3.57 8.73
17 135 85 220 17 5.55 3.57 9.12
16 145 85 230 16 5.95 3.57 9.52
15 155 75 230 15 6.35 3.17 9.52
14 165 75 240 14 6.74 3.17 9.92
13 165 65 230 13 6.74 2.78 9.52
12 175 65 240 12 7.14 2.78 9.92
11 185 55 240 11 7.54 2.38 9.92
10 195 55 250 10 7.93 2.38 10.31
9 205 45 250 9 8.33 1.98 10.31
8 205 45 250 8 8.33 1.98 10.31
7 185 45 230 7 7.54 1.98 9.52
6 155 35 190 6 6.35 1.59 7.93
5 125 35 160 5 5.16 1.59 6.74
4 95 25 120 4 3.97 1.19 5.16
3 65 25 90 3 2.78 1.19 3.97
2 25 15 40 2 1.19 0.79 1.98
1 5 5 10 1 0.40 0.40 0.79
Total= 3485 2385 5870 Total= 144.78 101.15 245.93
Length of lateral (ft) Flow Rates (GPM)
 
 
 
 
49 
 
Block 7:
Slope:
Rise Run % Degrees
35 191 18.32 10.38
Emitter Flow Rate: 23.8 GPH
Row Spacing: 15 ft
Plant Spacing: 10 ft
Manifold Length: 191 ft
Manifold:
Row West Side East Side Total Row West Side East Side Total
14 9 10 19 14 214.2 238 452.2
13 9 11 20 13 214.2 261.8 476
12 9 11 20 12 214.2 261.8 476
11 10 12 22 11 238 285.6 523.6
10 10 12 22 10 238 285.6 523.6
9 10 13 23 9 238 309.4 547.4
8 11 13 24 8 261.8 309.4 571.2
7 11 14 25 7 261.8 333.2 595
6 11 14 25 6 261.8 333.2 595
5 12 15 27 5 285.6 357 642.6
4 12 15 27 4 285.6 357 642.6
3 12 16 28 3 285.6 380.8 666.4
2 6 16 22 2 142.8 380.8 523.6
1 0 17 17 1 0 404.6 404.6
Total= 132 189 321 Total= 3141.6 4498.2 7640
Row West Side East Side Total Row West Side East Side Total
14 85 95 180 14 3.57 3.97 7.54
13 85 105 190 13 3.57 4.36 7.93
12 85 105 190 12 3.57 4.36 7.93
11 95 115 210 11 3.97 4.76 8.73
10 95 115 210 10 3.97 4.76 8.73
9 95 125 220 9 3.97 5.16 9.12
8 105 125 230 8 4.36 5.16 9.52
7 105 135 240 7 4.36 5.55 9.92
6 105 135 240 6 4.36 5.55 9.92
5 115 145 260 5 4.76 5.95 10.71
4 115 145 260 4 4.76 5.95 10.71
3 115 155 270 3 4.76 6.35 11.11
2 55 155 210 2 2.38 6.35 8.73
1 0 165 165 1 0.00 6.74 6.74
Total= 1255 1820 3075 Total= 52.36 74.97 127.33
# of Trees Flow Rates (GPH)
Length of lateral (ft) Flow Rates (GPM)
 
50 
 
Block 8:
Slope:
Rise Run % Degrees
35 205 17.07 9.69
Emitter Flow Rate: 23.8 GPH
Row Spacing: 15 ft
Plant Spacing: 10 ft
Manifold Length: 205 ft
Manifold:
Row West Side East Side Total Row West Side East Side Total
15 20 21 41 15 476 499.8 975.8
14 19 21 40 14 452.2 499.8 952
13 19 20 39 13 452.2 476 928.2
12 18 20 38 12 428.4 476 904.4
11 18 20 38 11 428.4 476 904.4
10 17 19 36 10 404.6 452.2 856.8
9 17 1 18 9 404.6 23.8 428.4
8 16 19 35 8 380.8 452.2 833
7 16 19 35 7 380.8 452.2 833
6 15 19 34 6 357 452.2 809.2
5 15 16 31 5 357 380.8 737.8
4 14 14 28 4 333.2 333.2 666.4
3 14 11 25 3 333.2 261.8 595
2 13 9 22 2 309.4 214.2 523.6
1 10 7 17 1 238 166.6 404.6
Total= 241 236 477 Total= 5735.8 5616.8 11353
Row West Side East Side Total Row West Side East Side Total
15 195 205 400 15 7.93 8.33 16.26
14 185 205 390 14 7.54 8.33 15.87
13 185 195 380 13 7.54 7.93 15.47
12 175 195 370 12 7.14 7.93 15.07
11 175 195 370 11 7.14 7.93 15.07
10 165 185 350 10 6.74 7.54 14.28
9 165 5 170 9 6.74 0.40 7.14
8 155 185 340 8 6.35 7.54 13.88
7 155 185 340 7 6.35 7.54 13.88
6 145 185 330 6 5.95 7.54 13.49
5 145 155 300 5 5.95 6.35 12.30
4 135 135 270 4 5.55 5.55 11.11
3 135 105 240 3 5.55 4.36 9.92
2 125 85 210 2 5.16 3.57 8.73
1 95 65 160 1 3.97 2.78 6.74
Total= 2335 2285 4620 Total= 95.60 93.61 189.21
# of Trees Flow Rates (GPH)
Length of lateral (ft) Flow Rates (GPM)
 
51 
 
 
Block 9:
Slope:
Rise Run % Degrees
35 400 8.75 5.00
Emitter Flow Rate: 23.8 GPH
Row Spacing: 15 ft
Plant Spacing: 10 ft
Manifold Length: 354 ft
Manifold:
Row North Side South Side Total Row North Side South Side Total
25 10 10 20 25 238 238 476
24 10 10 20 24 238 238 476
23 10 10 20 23 238 238 476
22 10 10 20 22 238 238 476
21 10 9 19 21 238 214.2 452.2
20 9 9 18 20 214.2 214.2 428.4
19 9 9 18 19 214.2 214.2 428.4
18 9 9 18 18 214.2 214.2 428.4
17 9 9 18 17 214.2 214.2 428.4
16 9 9 18 16 214.2 214.2 428.4
15 8 9 17 15 190.4 214.2 404.6
14 8 8 16 14 190.4 190.4 380.8
13 8 8 16 13 190.4 190.4 380.8
12 8 8 16 12 190.4 190.4 380.8
11 7 8 15 11 166.6 190.4 357
10 7 8 15 10 166.6 190.4 357
9 7 8 15 9 166.6 190.4 357
8 7 8 15 8 166.6 190.4 357
7 6 8 14 7 142.8 190.4 333.2
6 6 7 13 6 142.8 166.6 309.4
5 6 6 12 5 142.8 142.8 285.6
4 6 4 10 4 142.8 95.2 238
3 5 3 8 3 119 71.4 190.4
2 5 1 6 2 119 23.8 142.8
1 11 0 11 1 261.8 0 261.8
Total= 200 188 388 Total= 4760 4474.4 9234
Row North Side South Side Total Row North Side South Side Total
25 95 95 190 25 3.97 3.97 7.93
24 95 95 190 24 3.97 3.97 7.93
23 95 95 190 23 3.97 3.97 7.93
22 95 95 190 22 3.97 3.97 7.93
21 95 85 180 21 3.97 3.57 7.54
20 85 85 170 20 3.57 3.57 7.14
19 85 85 170 19 3.57 3.57 7.14
18 85 85 170 18 3.57 3.57 7.14
17 85 85 170 17 3.57 3.57 7.14
16 85 85 170 16 3.57 3.57 7.14
15 75 85 160 15 3.17 3.57 6.74
14 75 75 150 14 3.17 3.17 6.35
13 75 75 150 13 3.17 3.17 6.35
12 75 75 150 12 3.17 3.17 6.35
11 65 75 140 11 2.78 3.17 5.95
10 65 75 140 10 2.78 3.17 5.95
9 65 75 140 9 2.78 3.17 5.
8 65 75 140 8 2.78 3.17 5.
7 55 75 130 7 2.38 3.17 5.
6 55 65 120 6 2.38 2.78 5.
5 55 55 110 5 2.38 2.38 4.
4 55 35 90 4 2.38 1.59 3.97
3 45 25 70 3 1.98 1.19 3.17
2 45 5 50 2 1.98 0.40 2.38
1 105 0 105 1 4.36 0.00 4.36
Total= 1875 1760 3635 Total= 79.33 74.57 153.91
# of Trees Flow Rates (GPH)
Length of lateral (ft) Flow Rates (GPM)
95
95
55
16
76
 
52 
Manifolds 
274
15 9.2 psi
9.5% 44.2 psi
30 35.0 psi
0
920 Desired Minimum P 30.0 psi
12 Actual Minimum P 35.0 psi
tarting P for d/s end 44.2 psi Recommended d/s P: 39.20 psi
umber of outlets (computed) 18
ximum acceptable velocity 5.0 feet/sec Total Manifold Cost: 250$      
HYDRAULIC COMPUTATIONS TABLE
S
N
Ma
Point Elevation Point P Point Q u/s Segment Pipe ID C Value for Hf rate Segment Segment ΔElev ΔP u/s P Cost of
(ft.) (psi) (GPM) Q (GPM) (in) H-W equation (psi/100') Length (ft) Hf (psi) (psi) (psi) (psi) segment
0 ("0" is an imaginary point at d/s end) 0.0 44.20
1 920.0 44.2 15.5 15.5 1.72 145 0.51 15 0.08 -0.617 -0.54 43.66 5.04 2.137196
2 921.4 43.7 15.9 31.3 1.72 145 1.90 15 0.28 -0.617 -0.33 43.33 5.04 4.329183
3 922.9 43.3 15.5 46.8 2.193 146 1.21 15 0.18 -0.617 -0.44 42.89 6.44 3.97778
4 924.3 42.9 15.5 62.3 2.655 147 0.80 15 0.12 -0.617 -0.50 42.39 9.42 3.610828
5 925.7 42.4 15.5 77.7 2.655 147 1.20 15 0.18 -0.617 -0.44 41.96 9.42 4.507786
6 927.1 42.0 15.9 93.6 3.284 148 0.59 15 0.09 -0.617 -0.53 41.43 11.30 3.547661
7 928.6 41.4 15.9 109.5 3.284 148 0.79 15 0.12 -0.617 -0.50 40.93 11.30 4.148959
8 930.0 40.9 15.9 125.3 3.284 148 1.02 15 0.15 -0.617 -0.46 40.47 11.30 4.750258
9 931.4 40.5 16.3 141.6 4.28 149 0.35 15 0.05 -0.617 -0.56 39.90 14.90 3.159491
10 932.8 39.9 16.3 157.9 4.28 149 0.43 15 0.06 -0.617 -0.55 39.35 14.90 3.522346
11 934.3 39.4 16.3 174.1 4.28 149 0.51 15 0.08 -0.617 -0.54 38.81 14.90 3.885201
12 935.7 38.8 15.5 189.6 4.28 149 0.60 15 0.09 -0.617 -0.53 38.28 14.90 4.230356
13 937.1 38.3 14.3 203.9 4.28 149 0.68 15 0.10 -0.617 -0.51 37.77 14.90 4.54896
14 938.5 37.8 12.7 216.6 4.28 149 0.76 15 0.11 -0.617 -0.50 37.27 14.90 4.832164
15 939.9 37.3 11.5 228.1 5.291 150 0.30 15 0.04 -0.617 -0.57 36.69 22.77 3.329882
16 941.4 36.7 9.9 238.0 5.291 150 0.32 15 0.05 -0.617 -0.57 36.13 22.77 3.47466
17 942.8 36.1 8.7 246.7 5.291 150 0.34 15 0.05 -0.617 -0.57 35.56 22.77 3.602064
18 944.2 35.6 7.5 254.3 5.291 150 0.36 15 0.05 -0.617 -0.56 35.00 22.77 3.712095
Inlet 945.6 35.0 NA NA NA 0
levation at d/s end (ft)
eral Spacing (ft):
lope % (+ is down from inlet):
in P needed at hose inlet
Velocity 
(fps)
gth of Manifold (ft):
INPUTS
eral Flow (gpm)
Actual P Change:
Max. P
Min. P
mitter Exponent
E
Lat
Lat
Len
S
M
E
Manifolds are calculated to have 35 psi inlet pressure and keep velocities below 5 fps. 
Block 2: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
239
15 5.1 psi
6.3% 40.0 psi
35 34.9 psi
0
945 Desired Minimum P 35.0 psi
12 Actual Minimum P 34.9 psi
Starting P for d/s end 40 psi Recommended d/s P: 40.14 psi
Number of outlets (computed) 17
Maximum acceptable velocity 5.0 feet/sec Total Manifold Cost: 209$      
HYDRAULIC COMPUTATIONS TABLE
Point Elevation Point P Point Q u/s Segment Pipe ID C Value for Hf rate Segment Segment ΔElev ΔP u/s P Cost of
(ft.) (psi) (GPM) Q (GPM) (in) H-W equation (psi/100') Length (ft) Hf (psi) (psi) (psi) (psi) segment
0 ("0" is an imaginary point at d/s end) 0.0 40.00
1 945.0 40.0 3.6 3.6 1.72 145 0.03 15 0.01 -0.406 -0.40 39.60 5.04 0.493199
2 945.9 39.6 13.1 16.7 1.72 145 0.59 15 0.09 -0.406 -0.32 39.28 5.04 2.301596
3 946.9 39.3 13.9 30.5 1.72 145 1.81 15 0.27 -0.406 -0.13 39.15 5.04 4.219588
4 947.8 39.1 14.3 44.8 2.193 146 1.11 15 0.17 -0.406 -0.24 38.91 6.44 3.809233
5 948.8 38.9 15.1 59.9 2.655 147 0.74 15 0.11 -0.406 -0.29 38.61 9.42 3.472834
6 949.7 38.6 15.5 75.4 2.655 147 1.14 15 0.17 -0.406 -0.24 38.38 9.42 4.369793
7 950.6 38.4 15.5 90.8 3.284 148 0.56 15 0.08 -0.406 -0.32 38.06 11.30 3.442433
8 951.6 38.1 16.3 107.1 3.284 148 0.76 15 0.11 -0.406 -0.29 37.77 11.30 4.058763
9 952.5 37.8 16.3 123.4 3.284 148 0.99 15 0.15 -0.406 -0.26 37.51 11.30 4.675095
10 953.4 37.5 16.3 139.6 4.28 149 0.34 15 0.05 -0.406 -0.35 37.15 14.90 3.11524
11 954.4 37.2 16.3 155.9 4.28 149 0.42 15 0.06 -0.406 -0.34 36.81 14.90 3.478095
12 955.3 36.8 16.3 172.2 4.28 149 0.50 15 0.07 -0.406 -0.33 36.48 14.90 3.841768
13 956.3 36.5 16.3 188.5 4.28 149 0.59 15 0.09 -0.406 -0.32 36.16 14.90 4.205441
14 957.2 36.2 16.3 204.8 4.28 149 0.69 15 0.10 -0.406 -0.30 35.86 14.90 4.569114
15 958.1 35.9 16.3 221.1 4.28 149 0.79 15 0.12 -0.406 -0.29 35.57 14.90 4.932787
16 959.1 35.6 16.3 237.4 5.291 150 0.32 15 0.05 -0.406 -0.36 35.21 22.77 3.465754
17 960.0 35.2 15.9 253.3 5.291 150 0.36 15 0.05 -0.406 -0.35 34.86 22.77 3.697884
Inlet 960.9 34.9
Length of Manifold (ft):
INPUTS
Lateral Flow (gpm)
Actual P Change:
Max. P
Min. P
Emitter Exponent
Elevation at d/s end (ft)
Lateral Spacing (ft):
Slope % (+ is down from inlet):
Min P needed at hose inlet
Velocity 
(fps)
Block 3: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
53 
238
15 9.8 psi
11.5% 45.0 psi
35 35.2 psi
0
965 Desired Minimum P 35.0 psi
Actual Minimum P 35.2 psi
tarting P for d/s end 45 psi Recommended d/s P: 44.84 psi
umber of outlets (computed) 16
aximum acceptable velocity 5.0 feet/sec Total Manifold Cost: 169$      
HYDRAULIC COMPUTATIONS TABLE
S
N
M
Point Elevation Point P Point Q u/s Segment Pipe ID C Value for Hf rate Segment Segment ΔElev ΔP u/s P Cost of
(ft.) (psi) (GPM) Q (GPM) (in) H-W equation (psi/100') Length (ft) Hf (psi) (psi) (psi) (psi) segment
0 ("0" is an imaginary point at d/s end) 0.0 45.00
1 965.0 45.0 11.9 11.9 1.72 145 0.32 15 0.05 -0.747 -0.70 44.30 5.04 1.643997
2 966.7 44.3 11.9 23.8 1.72 145 1.14 15 0.17 -0.747 -0.58 43.72 5.04 3.287994
3 968.5 43.7 11.9 35.7 1.72 145 2.42 15 0.36 -0.747 -0.38 43.34 5.04 4.931991
4 970.2 43.3 11.9 47.6 2.193 146 1.25 15 0.19 -0.747 -0.56 42.78 6.44 4.045206
5 971.9 42.8 15.1 62.7 2.655 147 0.81 15 0.12 -0.747 -0.63 42.16 9.42 3.633829
6 973.6 42.2 11.1 73.8 2.655 147 1.09 15 0.16 -0.747 -0.58 41.57 9.42 4.277992
7 975.4 41.6 11.1 84.9 2.655 147 1.42 15 0.21 -0.747 -0.53 41.04 9.42 4.922155
8 977.1 41.0 11.1 96.0 3.284 148 0.62 15 0.09 -0.747 -0.65 40.38 11.30 3.638236
9 978.8 40.4 11.1 107.1 3.284 148 0.76 15 0.11 -0.747 -0.63 39.75 11.30 4.059271
10 980.5 39.8 11.1 118.2 3.284 148 0.92 15 0.14 -0.747 -0.61 39.14 11.30 4.480307
11 982.3 39.1 11.1 129.3 3.284 148 1.08 15 0.16 -0.747 -0.58 38.56 11.30 4.901342
12 984.0 38.6 10.7 140.0 4.28 149 0.34 15 0.05 -0.747 -0.70 37.86 14.90 3.124538
13 985.7 37.9 10.7 150.8 4.28 149 0.39 15 0.06 -0.747 -0.69 37.17 14.90 3.363491
14 987.4 37.2 10.7 161.5 4.28 149 0.44 15 0.07 -0.747 -0.68 36.49 14.90 3.602444
15 989.2 36.5 10.7 172.2 4.28 149 0.50 15 0.07 -0.747 -0.67 35.82 14.90 3.841397
16 990.9 35.8 10.3 182.5 4.28 149 0.56 15 0.08 -0.747 -0.66 35.16 14.90 4.071426
Inlet 992.6 35.2
gth of Manifold (ft):
INPUTS
eral Flow (gpm)
Actual P Change:
Max. P
Min. P
mitter Exponent
levation at d/s end (ft)
eral Spacing (ft):
lope % (+ is down from inlet):
in P needed at hose inlet
Velocity 
(fps)
Len
Lat
Lat
E
M
E
S
Block 4: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
114
15 26.1 psi
47.0% 61.2 psi
35 35.1 psi
0
965 Desired Minimum P 35.0 psi
Actual Minimum P 35.1 psi
tarting P for d/s end 61.21 psi Recommended d/s P: 61.07 psi
umber of outlets (computed) 9
aximum acceptable velocity 5.0 feet/sec Total Manifold Cost: 69$       
HYDRAULIC COMPUTATIONS TABLE
S
N
M
Point Elevation Point P Point Q u/s Segment Pipe ID C Value for Hf rate Segment Segment ΔElev ΔP u/s P Cost of
(ft.) (psi) (GPM) Q (GPM) (in) H-W equation (psi/100') Length (ft) Hf (psi) (psi) (psi) (psi) segment
0 ("0" is an imaginary point at d/s end) 0.0 61.21
1 965.0 61.2 7.1 7.1 1.72 145 0.12 15 0.02 -3.052 -3.03 58.18 5.04 0.986398
2 972.1 58.2 9.1 16.3 1.72 145 0.56 15 0.08 -3.052 -2.97 55.21 5.04 2.246335
3 979.1 55.2 13.1 29.4 1.72 145 1.68 15 0.25 -3.052 -2.80 52.41 5.04 4.054732
4 986.2 52.4 15.1 44.4 2.193 146 1.10 15 0.16 -3.052 -2.89 49.52 6.44 3.774959
5 993.2 49.5 15.1 59.5 2.655 147 0.73 15 0.11 -3.052 -2.94 46.58 9.42 3.44926
6 1000.3 46.6 11.5 71.0 2.655 147 1.02 15 0.15 -3.052 -2.90 43.68 9.42 4.116035
7 1007.3 43.7 8.3 79.3 2.655 147 1.25 15 0.19 -3.052 -2.86 40.82 9.42 4.599013
8 1014.4 40.8 5.2 84.5 2.655 147 1.40 15 0.21 -3.052 -2.84 37.97 9.42 4.898192
9 1021.4 38.0 2.0 86.5 2.655 148 1.45 15 0.22 -3.052 -2.84 35.14 9.42 5.014153
Inlet 1028.5 35.1
gth of Manifold (ft):
INPUTS
eral Flow (gpm)
Actual P Change:
Max. P
Min. P
mitter Exponent
levation at d/s end (ft)
eral Spacing (ft):
lope % (+ is down from inlet):
in P needed at hose inlet
Velocity 
(fps)
Len
Lat
Lat
E
M
E
S
Block 5 West: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
54 
114
15 23.3 psi
47.0% 58.0 psi
35 34.7 psi
0
965 Desired Minimum P 35.0 psi
Actual Minimum P 34.7 psi
tarting P for d/s end 58 psi Recommended d/s P: 58.30 psi
umber of outlets (computed) 8
ximum acceptable velocity 5.0 feet/sec Total Manifold Cost: 61$       
HYDRAULIC COMPUTATIONS TABLE
S
N
Ma
Point Elevation Point P Point Q u/s Segment Pipe ID C Value for Hf rate Segment Segment ΔElev ΔP u/s P Cost of
(ft.) (psi) (GPM) Q (GPM) (in) H-W equation (psi/100') Length (ft) Hf (psi) (psi) (psi) (psi) segment
0 ("0" is an imaginary point at d/s end) 0.0 58.00
1 965.0 58.0 7.1 7.1 1.72 145 0.12 15 0.02 -3.052 -3.03 54.97 5.04 0.986398
2 972.1 55.0 9.1 16.3 1.72 145 0.56 15 0.08 -3.052 -2.97 52.00 5.04 2.246335
3 979.1 52.0 13.1 29.4 1.72 145 1.68 15 0.25 -3.052 -2.80 49.20 5.04 4.054732
4 986.2 49.2 16.7 46.0 2.193 146 1.17 15 0.18 -3.052 -2.88 46.32 6.44 3.910083
5 993.2 46.3 15.9 61.9 2.655 147 0.79 15 0.12 -3.052 -2.93 43.39 9.42 3.587253
6 1000.3 43.4 13.5 75.4 2.655 147 1.14 15 0.17 -3.052 -2.88 40.51 9.42 4.36999
7 1007.3 40.5 9.5 84.9 2.655 147 1.41 15 0.21 -3.052 -2.84 37.67 9.42 4.920804
8 1014.4 37.7 7.1 92.0 3.284 148 0.58 15 0.09 -3.052 -2.97 34.70 11.30 3.486902
Inlet 1021.4 34.7
gth of Manifold (ft):
INPUTS
eral Flow (gpm)
Actual P Change:
Max. P
Min. P
mitter Exponent
levation at d/s end (ft)
eral Spacing (ft):
lope % (+ is down from inlet):
in P needed at hose inlet
Velocity 
(fps)
Len
Lat
E
E
Lat
S
M
Block 5 East: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
487
15 16.6 psi
9.3% 51.0 psi
35 34.4 psi
0
990 Desired Minimum P 35.0 psi
12 Actual Minimum P 36.1 psi
tarting P for d/s end 51 psi Recommended d/s P: 49.94 psi
umber of outlets (computed) 33
ximum acceptable velocity 5.0 feet/sec Total Manifold Cost: 378$      
HYDRAULIC COMPUTATIONS TABLE
S
N
Ma
Point Elevation Point P Point Q u/s Segment Pipe ID C Value for Hf rate Segment Segment ΔElev ΔP u/s P Cost of
(ft.) (psi) (GPM) Q (GPM) (in) H-W equation (psi/100') Length (ft) Hf (psi) (psi) (psi) (psi) segment
0 ("0" is an imaginary point at d/s end) 0.0 51.00
1 990.0 51.0 0.8 0.8 1.72 145 0.00 15 0.00 -0.601 -0.60 50.40 5.04 0.109139
2 991.4 50.4 1.9 2.7 1.72 145 0.02 15 0.00 -0.601 -0.60 49.80 5.04 0.371626
3 992.8 49.8 3.9 6.6 1.72 145 0.11 15 0.02 -0.601 -0.58 49.22 5.04 0.910415
4 994.2 49.2 5.2 11.7 1.72 145 0.31 15 0.05 -0.601 -0.55 48.66 5.04 1.621893
5 995.6 48.7 6.7 18.5 1.72 145 0.71 15 0.11 -0.601 -0.49 48.17 5.04 2.553031
6 996.9 48.2 7.9 26.4 1.72 145 1.38 15 0.21 -0.601 -0.39 47.78 5.04 3.644424
7 998.3 47.8 9.5 35.9 1.72 145 2.44 15 0.37 -0.601 -0.23 47.54 5.04 4.956858
8 999.7 47.5 10.3 46.2 2.193 146 1.18 15 0.18 -0.601 -0.42 47.12 6.44 3.92538
9 1001.1 47.1 10.3 56.5 2.193 146 1.71 15 0.26 -0.601 -0.34 46.77 6.44 4.801558
10 1002.5 46.8 10.3 66.8 2.655 147 0.91 15 0.14 -0.601 -0.46 46.31 9.42 3.873677
11 1003.9 46.3 9.9 76.7 2.655 147 1.17 15 0.18 -0.601 -0.42 45.88 9.42 4.447684
12 1005.3 45.9 9.9 86.6 3.284 148 0.51 15 0.08 -0.601 -0.52 45.36 11.30 3.282258
13 1006.7 45.4 9.5 96.1 3.284 148 0.62 15 0.09 -0.601 -0.51 44.85 11.30 3.642279
14 1008.0 44.9 9.9 106.0 3.284 148 0.75 15 0.11 -0.601 -0.49 44.36 11.30 4.017459
15 1009.4 44.4 9.5 115.5 3.284 148 0.88 15 0.13 -0.601 -0.47 43.90 11.30 4.377481
16 1010.8 43.9 9.5 125.0 3.284 148 1.02 15 0.15 -0.601 -0.45 43.45 11.30 4.737502
17 1012.2 43.4 9.1 134.1 4.28 149 0.31 15 0.05 -0.601 -0.55 42.89 14.90 2.992158
18 1013.6 42.9 8.7 142.8 4.28 149 0.35 15 0.05 -0.601 -0.55 42.35 14.90 3.186266
19 1015.0 42.3 9.1 151.9 4.28 149 0.40 15 0.06 -0.601 -0.54 41.81 14.90 3.389298
20 1016.4 41.8 8.7 160.6 4.28 149 0.44 15 0.07 -0.601 -0.53 41.27 14.90 3.583406
21 1017.8 41.3 8.7 169.3 4.28 149 0.48 15 0.07 -0.601 -0.53 40.74 14.90 3.777514
22 1019.1 40.7 8.3 177.6 4.28 149 0.53 15 0.08 -0.601 -0.52 40.22 14.90 3.962697
23 1020.5 40.2 8.3 185.9 4.28 149 0.58 15 0.09 -0.601 -0.51 39.71 14.90 4.14788
24 1021.9 39.7 8.3 194.2 4.28 149 0.62 15 0.09 -0.601 -0.51 39.20 14.90 4.333063
25 1023.3 39.2 8.3 202.5 4.28 149 0.67 15 0.10 -0.601 -0.50 38.70 14.90 4.518246
26 1024.7 38.7 7.9 210.4 4.28 149 0.72 15 0.11 -0.601 -0.49 38.21 14.90 4.694505
27 1026.1 38.2 7.5 217.9 4.28 149 0.77 15 0.12 -0.601 -0.48 37.72 14.90 4.861839
28 1027.5 37.7 7.5 225.4 5.291 150 0.29 15 0.04 -0.601 -0.56 37.17 22.77 3.290854
29 1028.9 37.2 7.1 232.6 5.291 150 0.31 15 0.05 -0.601 -0.55 36.61 22.77 3.395094
30 1030.2 36.6 5.5 238.1 5.291 150 0.32 15 0.05 -0.601 -0.55 36.06 22.77 3.475391
31 1031.6 36.1 3.9 242.0 5.291 150 0.33 15 0.05 -0.601 -0.55 35.51 22.77 3.532328
32 1033.0 35.5 2.4 244.3 5.291 150 0.34 15 0.05 -0.601 -0.55 34.96 0.00 3.567075
33 1034.4 35.0 0.8 245.1 5.291 150 0.34 15 0.05 -0.601 -0.55 34.41 0.00 3.578754
Inlet 1035.8 34.4
gth of Manifold (ft):
INPUTS
eral Flow (gpm)
Actual P Change:
Max. P
Min. P
mitter Exponent
levation at d/s end (ft)
eral Spacing (ft):
lope % (+ is down from inlet):
in P needed at hose inlet
Velocity 
(fps)
Len
Lat
Lat
E
M
E
S
Block 6: 
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191
15 14.5 psi
18.0% 49.0 psi
35 34.5 psi
0
930 Desired Minimum P 35.0 psi
0 Actual Minimum P 34.5 psi
tarting P for d/s end 49 psi Recommended d/s P: 49.47 psi
umber of outlets (computed) 14
aximum acceptable velocity 5.0 feet/sec Total Manifold Cost: 121$      
HYDRAULIC COMPUTATIONS TABLE
S
N
M
Point Elevation Point P Point Q u/s Segment Pipe ID C Value for Hf rate Segment Segment ΔElev ΔP u/s P Cost of
(ft.) (psi) (GPM) Q (GPM) (in) H-W equation (psi/100') Length (ft) Hf (psi) (psi) (psi) (psi) segment
0 ("0" is an imaginary point at d/s end) 0.0 49.00
1 930.0 49.0 6.7 6.7 1.72 145 0.11 15 0.02 -1.169 -1.15 47.85 5.04 0.931138
2 932.7 47.8 8.7 15.5 1.72 145 0.51 15 0.08 -1.169 -1.09 46.76 5.04 2.135815
3 935.4 46.8 11.1 26.6 1.72 145 1.40 15 0.21 -1.169 -0.96 45.80 5.04 3.669291
4 938.1 45.8 10.7 37.3 2.193 146 0.79 15 0.12 -1.169 -1.05 44.75 6.44 3.167328
5 940.8 44.7 10.7 48.0 2.193 146 1.26 15 0.19 -1.169 -0.98 43.77 6.44 4.0775
6 943.5 43.8 9.9 57.9 2.193 146 1.79 15 0.27 -1.169 -0.90 42.87 6.44 4.920534
7 946.2 42.9 9.9 67.8 2.655 147 0.93 15 0.14 -1.169 -1.03 41.84 9.42 3.932237
8 948.9 41.8 9.5 77.3 2.655 147 1.19 15 0.18 -1.169 -0.99 40.85 9.42 4.484211
9 951.6 40.8 9.1 86.5 3.284 148 0.51 15 0.08 -1.169 -1.09 39.76 11.30 3.276573
10 954.3 39.8 8.7 95.2 3.284 148 0.61 15 0.09 -1.169 -1.08 38.68 11.30 3.607035
11 957.0 38.7 8.7 103.9 3.284 148 0.72 15 0.11 -1.169 -1.06 37.62 11.30 3.937497
12 959.7 37.6 7.9 111.8 3.284 148 0.83 15 0.12 -1.169 -1.04 36.57 11.30 4.23802
13 962.4 36.6 7.9 119.8 3.284 148 0.94 15 0.14 -1.169 -1.03 35.55 11.30 4.538543
14 965.1 35.5 7.5 127.3 3.284 148 1.05 15 0.16 -1.169 -1.01 34.53 11.30 4.823907
Inlet 967.8 34.5 9.5
gth of Manifold (ft):
INPUTS
eral Flow (gpm)
Actual P Change:
Max. P
Min. P
mitter Exponent
levation at d/s end (ft)
eral Spacing (ft):
lope % (+ is down from inlet):
in P needed at hose inlet
Velocity 
(fps)
Len
Lat
Lat
E
M
E
S
Block 7: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
205
15 14.9 psi
17.0% 50.0 psi
35 35.1 psi
0
930 Desired Minimum P 35.0 psi
0 Actual Minimum P 35.1 psi
tarting P for d/s end 50 psi Recommended d/s P: 49.94 psi
umber of outlets (computed) 15
aximum acceptable velocity 5.0 feet/sec Total Manifold Cost: 152$      
HYDRAULIC COMPUTATIONS TABLE
S
N
M
Point Elevation Point P Point Q u/s Segment Pipe ID C Value for Hf rate Segment Segment ΔElev ΔP u/s P Cost of
(ft.) (psi) (GPM) Q (GPM) (in) H-W equation (psi/100') Length (ft) Hf (psi) (psi) (psi) (psi) segment
0 ("0" is an imaginary point at d/s end) 0.0 50.00
1 930.0 50.0 6.8 6.8 1.72 145 0.11 15 0.02 -1.104 -1.09 48.91 5.04 0.932519
2 932.6 48.9 8.7 15.5 1.72 145 0.51 15 0.08 -1.104 -1.03 47.89 5.04 2.138578
3 935.1 47.9 9.9 25.4 1.72 145 1.28 15 0.19 -1.104 -0.91 46.97 5.04 3.506273
4 937.7 47.0 11.1 36.5 2.193 146 0.76 15 0.11 -1.104 -0.99 45.98 6.44 3.100192
5 940.2 46.0 12.3 48.8 2.193 146 1.30 15 0.20 -1.104 -0.91 45.08 6.44 4.145486
6 942.8 45.1 13.4 62.2 2.655 147 0.79 15 0.12 -1.104 -0.98 44.09 9.42 3.605227
7 945.3 44.1 13.8 76.0 2.655 147 1.15 15 0.17 -1.104 -0.93 43.16 9.42 4.405358
8 947.9 43.2 13.8 89.8 3.284 148 0.55 15 0.08 -1.104 -1.02 42.14 11.30 3.402391
9 950.4 42.1 7.1 96.9 3.284 148 0.63 15 0.10 -1.104 -1.01 41.13 11.30 3.67146
10 953.0 41.1 14.3 111.2 3.284 148 0.82 15 0.12 -1.104 -0.98 40.15 11.30 4.212629
11 955.5 40.1 15.1 126.2 3.284 148 1.03 15 0.16 -1.104 -0.95 39.20 11.30 4.783736
12 958.0 39.2 15.1 141.3 4.28 149 0.35 15 0.05 -1.104 -1.05 38.15 14.90 3.152576
13 960.6 38.1 15.5 156.8 4.28 149 0.42 15 0.06 -1.104 -1.04 37.11 14.90 3.497731
14 963.1 37.1 15.9 172.6 4.28 149 0.50 15 0.08 -1.104 -1.03 36.08 14.90 3.85181
15 965.7 36.1 16.3 188.9 4.28 149 0.59 15 0.09 -1.104 -1.01 35.06 14.90 4.214657
Inlet 968.2 35.1
gth of Manifold (ft):
INPUTS
eral Flow (gpm)
Actual P Change:
Max. P
Min. P
mitter Exponent
levation at d/s end (ft)
eral Spacing (ft):
lope % (+ is down from inlet):
in P needed at hose inlet
Velocity 
(fps)
Len
Lat
Lat
E
M
E
S
Block 8: 
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Block 9: 
 
 
354
15 10.9 psi
8.8% 46.0 psi
35 35.1 psi
0
920 Desired Minimum P 35.0 psi
12 Actual Minimum P 35.1 psi
Starting P for d/s end 46 psi Recommended d/s P: 45.93 psi
Number of outlets (computed) 25
Maximum acceptable velocity 5.0 feet/sec Total Manifold Cost: 219$      
HYDRAULIC COMPUTATIONS TABLE
Point Elevation Point P Point Q u/s Segment Pipe ID C Value for Hf rate Segment Segment ΔElev ΔP u/s P Cost of
(ft.) (psi) (GPM) Q (GPM) (in) H-W equation (psi/100') Length (ft) Hf (psi) (psi) (psi) (psi) segment
0 ("0" is an imaginary point at d/s end) 0.0 46.00
1 920.0 46.0 4.4 4.4 1.72 145 0.05 15 0.01 -0.568 -0.56 45.44 5.04 0.602338
2 921.3 45.4 2.4 6.7 1.72 145 0.11 15 0.02 -0.568 -0.55 44.89 5.04 0.931138
3 922.6 44.9 3.2 9.9 1.72 145 0.23 15 0.03 -0.568 -0.53 44.35 5.04 1.369077
4 923.9 44.4 4.0 13.9 1.72 145 0.42 15 0.06 -0.568 -0.50 43.85 5.04 1.921681
5 925.3 43.8 4.8 18.7 1.72 145 0.73 15 0.11 -0.568 -0.46 43.39 5.04 2.579279
6 926.6 43.4 5.2 23.8 1.72 145 1.14 15 0.17 -0.568 -0.40 42.99 5.04 3.290757
7 927.9 43.0 5.5 29.3 1.72 145 1.68 15 0.25 -0.568 -0.32 42.68 5.04 4.050588
8 929.2 42.7 6.0 35.3 1.72 145 2.36 15 0.35 -0.568 -0.21 42.46 5.04 4.872586
9 930.5 42.5 6.0 41.2 2.193 146 0.95 15 0.14 -0.568 -0.43 42.04 6.44 3.503012
10 931.8 42.0 6.0 47.2 2.193 146 1.22 15 0.18 -0.568 -0.38 41.65 6.44 4.008663
11 933.1 41.7 6.0 53.1 2.193 146 1.53 15 0.23 -0.568 -0.34 41.31 6.44 4.514314
12 934.4 41.3 6.4 59.5 2.655 147 0.73 15 0.11 -0.568 -0.46 40.85 9.42 3.4481
13 935.8 40.9 6.4 65.8 2.655 147 0.88 15 0.13 -0.568 -0.44 40.42 9.42 3.816276
14 937.1 40.4 6.4 72.2 2.655 147 1.05 15 0.16 -0.568 -0.41 40.01 9.42 4.184452
15 938.4 40.0 6.8 78.9 2.655 147 1.24 15 0.19 -0.568 -0.38 39.63 9.42 4.575821
16 939.7 39.6 7.1 86.1 2.655 147 1.45 15 0.22 -0.568 -0.35 39.27 9.42 4.989801
17 941.0 39.3 7.1 93.2 3.284 148 0.59 15 0.09 -0.568 -0.48 38.80 11.30 3.531999
18 942.3 38.8 7.1 100.3 3.284 148 0.68 15 0.10 -0.568 -0.47 38.33 11.30 3.802583
19 943.6 38.3 7.1 107.5 3.284 148 0.77 15 0.12 -0.568 -0.45 37.88 11.30 4.073168
20 944.9 37.9 7.1 114.6 3.284 148 0.87 15 0.13 -0.568 -0.44 37.44 11.30 4.343752
21 946.3 37.4 7.5 122.2 3.284 148 0.97 15 0.15 -0.568 -0.42 37.02 11.30 4.629496
22 947.6 37.0 7.9 130.1 3.284 148 1.09 15 0.16 -0.568 -0.40 36.61 11.30 4.930019
23 948.9 36.6 7.9 138.0 4.28 149 0.33 15 0.05 -0.568 -0.52 36.09 14.90 3.079395
24 950.2 36.1 7.9 146.0 4.28 149 0.37 15 0.06 -0.568 -0.51 35.58 14.90 3.256323
25 951.5 35.6 7.9 153.9 4.28 149 0.41 15 0.06 -0.568 -0.51 35.07 14.90 3.433251
Inlet 952.8 35.1
Length of Manifold (ft):
INPUTS
Lateral Flow (gpm)
Actual P Change:
Max. P
Min. P
Emitter Exponent
Elevation at d/s end (ft)
Lateral Spacing (ft):
Slope % (+ is down from inlet):
Min P needed at hose inlet
Velocity 
(fps)
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
57 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX D 
 
DESIGN DRAWINGS 
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Tree and Pipe Layout: 
Legend: 
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